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Precision monolithic op amps vie 
for space on your analog pc boards 


ee ee: SL A 
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featuring zero standby power and 35ns bipolar ICs that stands out in any crowd. 


maximum propagation delay, better than any- So call or write today for our new CMOS 
thing our competition has yet offered. brochure. 


What's more, our CMOS technology is Monolithic Memories, 2175 Mission 


going to open up a new and exciting product College Blvd., Santa Clara, CA 95054. 
area for you in the months ahead. So stay (800) 247-6527 


tuned for another major announcement. And But if you want to beat the crowd, you’ 
a celebration that'll make this one look like a better hurry. 


PTA meeting. PAL is a registered trademark and ZHAL and ZPAL are trademarks of Monolithic 
e * Memories, Inc. ©1986,M lithic M ies, Inc. 
Why are we doing all this, you ask? —— ee eee 


Simply to offer you a range of speed/ pita ae 
power options unmatched anywhere. From Monolithic 


ECL to CMOS. Not to mention a1 Memories 


UPI/Bettmann 
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Monolithic 
Memories 
announces 


People tend to get a bit excited when 
they hear that Monolithic Memories is 
getting into CMOS. 

And frankly, we can’t blame them. 

After all, we’re doing things with CM 
that no one else has done before. 

For instance, we're producing Double 
Density Interface and ZHAL" circuits that run 
at CMOS power levels, with speeds rivalling 
the best of bipolar. And we're shipping them 
in volume. 


We're also bringing CMOS to our PAL’ 
product line, beginning with ZPAL™ devices 


Monolithic 
Memories. 


| 
| 
| 


dc to 2000 MHz 
amplifier series 


SPECIFICATIONS 


Model Frequency Gain, dB Max. Power NF Price $ | r ith) ide- 
ee Tis Gato, dbnwel Ee ces Unbelievable, until now. ..tiny monolithic wide 
band amplifiers for as low as 99 cents. 


MAR-1 DC-1000 SS fi 6) 5.0 0.99 (100) 

MAR-2 —_DC-2000 8.5 +3 6.9". 450 (28) These rugged 0.085 in. diam. plastic-packaged 
MAR-3 —_DC-2000 8 +8 oe Oe units are 50 ohm input/output impedance, un- 
MAR-4 —_DC-1000 7 +11 ye ee conditionally stable regardless of load, and easily 
MAR7 DC-2000 = 8.5 ie i A cascadable. Models in the MAR-series offer from 
MAR-8 —_DC-1000 Cs ee +10 852 9.30: (25) 


7 to 210B gain, Oto +10dBm output, noise 
figure as low as 3.5 dB (5.5dB typical), and up 


designers amplifier kit, DAK-1 9 °° 2P@-200OMH2 bandwidth, 


5 of hm 7 Also, for your design convenience, Mini-Circuits 
ee a0, lal olamapiiiers offers 10pf to 0.055xuf chip coupling capacitors 


only $49.99 ior the MAR- -amplifiers at only 12 cents each. 


finding new ways... - 
setting higher standards 
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the world smaitest 
surface mount mixers °6§55 


Tight packing density, lowered assembly costs, and improved SPECIFICATIONS RMS-1 RMS-2 
reliability make surface-mount technology (SMT) highly attractive to FREQUENCY RANGE, MHz 
systems and product manufacturers. If your design is ready for SMT, LORE 05 500 5. 480 
specify Mini Circuits’ new RMS series, the world’s smallest (0.25 by = Ee ee CMe th 
0.30 by 0.2 in.) double-balanced SMT mixers, spanning 0.5 to 
1000MHz, from only $6.95 (10-49 qty). CONVERSION LOSS, dB, Typ. 
The tiny, non-hermetic package houses RF transformers, a ceramic- mee 2 CMO eta) 9.5 6.5 
alumina substrate, and a four-diode assembly. A unique edge-plated Totalrange = (f,— fy) 6.2 70 
design eases the job of making reliable solder connections to a ISOLATION, dB, Typ. eR bee. Tas 
printed-circuit board. A protective-barrier layer on top of the package's jon eerie 55-60 55 «450 
conductive layer retards the harmful effect of electromigration which 5 AY et ae af : aS A See 
may occur during soldering. The RMS can be attached to a pc-board ete ks nee 7 
Upper-band ( fy. — f, ) 27 24 25 20 


by conventional manual soldering or with automatic equipment; 

mixers can be supplied in a tape-and-reel format for automated PRICE (10-49) $6.95 $7.95 
pick-and-place machines. 

f, = lowest frequency in range 


When you think SMT, think small, low-cost. .. : | 
think Mini-Circuits RMS series. f, = highest frequency in range 


finding new ways... 
setting higher standards 


[_ Mini-Circuits 
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ELECTRONIC TECHNOLOGY FOR ENGINEERS AND ENGINEERING MANAGERS 


On the cover: As manufacturers of 
monolithic op amps compete for a place in 
your analog designs, they are introducing 
devices implemented in all processing 
technologies. For example, youll find 
CMOS chopper-stabihzed op amps that 
spec 10-pV max offset voltage, that lmit 
dArift to 0.1 pV/°C, and that work on 
+15V supplies. In addition, youll find 
op amps implemented in bipolar, mixed- 
bipolar/MOS, and even gallium arsenide 
technologies. See pg 134. (Photo courtesy 
Teledyne Semiconductor) 
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DESIGN FEATURES 
Special Report: Monolithic operational amplifiers 134 


When specifying a monolithic op amp, consider the various tradeofts 
in speed, dc precision, and noise among the various processing 
technologies.—Bzill Travis, Senior Editor 


Wescon/86 159 


Innovations in digital signal processing and advancements in surface- 
mount technology are just two of the diverse topics that speakers at 
Wescon/86 will investigate —Mazgery S Conner, Regional Editor 


193 


After building the simple device described in this article, you can use 
it as an emulator for 8051-family single-chip-P projects.—Eric P 
Horton, Nova Scotia Power Corp 


Make your own low-cost 8051 emulator 


215 


Integrated current sensing 
simplifies MOSFET designs 


The current-sensing capability built into some of the most recent 
power MOSFETs eliminates the need to place large current-sensing 
resistors directly in the path of the main load current.—Sean Young, 
International Rectifier Corp 


Synchronous-network circuit 231 


boosts network flexibility 


Io implement an inexpensive and easy upgrade of an asynchronous 
to a synchronous system, you must keep hardware and software 
changes to a minimum.—Sarosh N Vesuna, Advanced Micro Devices 


Designer’s Guide to 253 


PC-Board Logic Design—Part 1 


By asking yourself several questions, you can check your digital logic 
designs before committing them to hardware.— Nathan O Sokal, Design 
Automation Inc 


Designer’s Guide to 269 
Synchronous V/F Converters—Part 2 

A synchronous voltage/frequency converter (SVFC) is an accurate 
tool for converting analog-input signals to digital format. In this arti- 
cle, you'll learn how to interpret VFC specs and examine three ap- 
plications for an SVFC.—Larry DeVito, Analog Devices Semiconductor 


Continued on page 7 
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Now we're ready for you. 
Since 1968, we've been developing application specific 
hybrid microelectronics for one tough customer. Motorola. 
Satisfying such a large and demanding OEM has inspired 
us to perfect a wide range of packaging technologies. To 
engineer the very latest in CAD, CAE and CAM systems. 
To assemble the brightest, most talented staff in the 
field. 
at : We developed hundreds of unique design and layout 
| | rules. Rules we can use to solve the toughest applica- 
.. tion problems, quickly and cost-effectively. 
Now, after 18 years of honing our skills to the cutting 
edge, we re ready for an even greater challenge. You. 
From thin-film and thick-film application specific hy- 
| brids to complete surface mount boards, custom LCC’s and 
— flex circuits, Motorola Microelectronics can deliver exactly 
_ what you need. With short design cycles. Low up-front 
cost. And remarkable performance. 
Our quality goal is simple. Zero defects. Every one 
of our hybrids undergoes an ALT equivalent to 5 
years of operation. And each is backed by 
a 3-year warranty on Motorola designs. 
To get more specific about our appli- 
cation specific capabilities, contact: 
Motorola Microelectronics, 
8000 W/. Sunrise Bivd., Ft. 
Lauderdale, FL 33322. 
(305) 475-3700 
TW/X: 510-955-4096 
FAX: 305-475-6006 


_FOR 18 YEARS, WE'VE BEEN MAKING 
APPLICATION SPE 


MOTOROLA 
Microelectronics 


Application Specific Hybrid Microelectronics 


For more information about other 
Motorola Divisions, contact: 
Piezo-Ceramic Products 

TW/X: 499-9100 Phone: (505) 822-8801 
Components Division 

TWX: 499-0104 Phone: (312) 451-1000 
Printed Circuit Products 

ILX: 499-1134. Phone: (312) 576-8399 


See us at WESCON Booths 2052-58 
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Continued from page 5 


Behavioral models and hardware 
modelers simulate logic faster than do 
gate-level simulations, and they enable 
you to model chips for which gate-level 
models are unavailable (pg 65). 
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TECHNOLOGY UPDATE 


Behavioral models and hardware modelers 
simulate pc boards containing VLSI devices 


November 13, 1986 


65 


Until recently, simulating boards that include VLSI devices has been 


nearly impossible. In the last year, however, more CAE companies 


have introduced hardware modelers capable of handling the task, and 


several specialty firms have developed behavioral models for VLSI 
devices.—Eva Freeman, Associate Editor 


Expert systems as engineering tools 
will broaden productivity/creativity options 


91 


Expert systems are software tools that will soon provide new oppor- 
tunities for increasing an engineer’s productivity. Such systems let you 
electronically file various tricks of the trade for future reference, thus 
permitting you to use your computer for varied purposes.—] D Mosley, 


Regional Editor 


PRODUCT UPDATE 


12-bit I- and V-output DACs 109 
CMOS, single-chip 212A modem 110 
DESIGN IDEAS 
Accurate ramp generator uses four ICs 285 
High-voltage amplifier draws little current 286 
Battery powers simple IR detector 288 
Reference operates from low supply voltage 288 
Resistors provide nonlinear pot tapers 292 
Continued on page 9 
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We also know all ce ways to close the space 
between you and us. Our computer interface to your 

_ CAD system gets us off to a fast start. And from 

_ there, we go out of our way to make sure you get — 
your rototype | ina hurr) so no matter where you are. — 
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EDITORIAL 55 


A new, free EDN service allows you to retrieve detailed information 
about new products by using your personal computer and modem. 
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, Assemblers — ho 
‘Pascal | Linkers | : 
on | : Assembler Symbolic =—s_ |, 
- IBM AT 6800/2/8, sap a 
MS-DOS 6809/9E, 


68000/8/10 debuggers 
— and 68020 Emulators 


-PCXT Z80, MK3880/4 
PCAT | and Z8001/2/3 


NSC-800 


trying to make them work toget 
and still not have a system that: 


_truly integrated. That why Applied 


Microsystems has developed the 
1ethod. . 


A stand-alone or host-control system of fully integrated debug tools 
built on high performance emulation. 


only speaks assembler, your tools Call toll-free and ask for 
are worthless. Or if your function the proof. 


is in assembler and Discover why the CIDS method 
your debugger only is the fastest, easiest way to start 
speaks C, it's the and finish a design project. For 
same dead end. _ ~ technical and application details 
call 1-800-426-3925. In Wash- 
ington state call (206) 882-2000 
Or write Applied Microsystems 
807 


high level languages and _ 
. You dont sacrifi 


England. Tel: 44 (0296) 34822. _. 


an 


virtual protect mode makes trans- 
emulation possible using 
or physical addresses. 
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The reliable side. 


At Quantum, we put at least half our thinking into making 
disk drives reliable. 

Our Q200 Series” of 5%” intelligent disk drives is 
the perfect example of achieving near-perfection. 

The mean time between failure for our Q200 
Series products is 25,000 operating hours. Our customers’ 
incoming acceptance rate is over 99%. And the many 
ship-to-stock programs with our customers underscore 
a confidence level that’s even higher. 

The extraordinary reliability of our Q200 Series 
drives is the result of the out-of-the- “ordinary things we do 
to make them that way. 

Because we were the first to make intelligent disk 
drives, we have more field-proven experience in maine 
them to last. And because we designed both the SCSI — 
controller electronics and the drive, they truly perform — 
as if they were made for eachother. _ - 

The Q200 Series drives are available in 53M 
80MB and 160MB (formatted) capacity models. And 
new custom- -designed, semi-automatic manufacturin 
in Milpitas enables us to make these high quality driv: 
the rate of one every 30 seconds. So availability i is on 
more thing you canrelyon—from Quantum. __ 

Quantum Corporation, 1804 McCarthy Bivd.,_ - 
Milpitas, CA 95035 ee 1100. TWX 91 Be 


Western Regional Sales: 
European Sales: Frankfurt, 
ae Merton are 


- Q250(53MB) / 


two sides,too. 


The innovative side. 


At Quantum, we put at least half our thinking into making 
disk drives innovative. 

Our Q200 Series™ of intelligent disk drives is the 
best example of doing things ever better. 

The half-height 53MB and 80MB (formatted) 
capacity models were the very first intelligent drives intro- 
duced — a major advancement in disk drive architecture, 
integrating a custom SCSI controller into the drive itself. 

Soon thereafter, we introduced our full-height 
160MB (formatted) capacity intelligent disk drive. This 
new model in the Q200 family incorporates yet another 
major advance — DisCache;" a look-ahead, high-speed 
memory to significantly increase data throughput, with 
programmable options for individual application needs. 

All three models in the Q200 Series use the same 
heads, the same media, and the same integrated controller 
design. They also use the same SCSI interface and support 
the same software commands, utilizing the industry stan- 
dard common command set. That’s why we can guarantee 
compatibility among the family, making it easier than ever 
to upgrade and enhance your systems — now and with 
_ _ future products. So if you’re looking for future innovations, 
' Quantum is where to look first. 

Quantum Corporation, 1804 McCarthy Blvd., 
Milpitas, CA 95035 (408) 262-1100. TWX 910-338-2203. 

_ Eastern Regional Sales: Salem, NH (603) 893-2672. 
_ Western Regional Sales: Santa Clara, CA (408) 980-8599. 
_ European Sales: Frankfurt, West Germany 069-6666-6167. 
Quantum products are distributed in the United States and 
_ Canada by Arrow Electronics. 
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Q280 (80MB) 


See us at COMDEX, Booth #480 
O60 Series and DisCache are trademarks of Quantum Corporation. © 1986 Quantum Corporation. 
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You said ‘yourself. 


Ask which electronic engineering publication is most useful on 
the job and your answer is EDN. 

Again and again. 

In fact, EDN has won 87 out of 125 (or 70%) of the independent 
readership/reader preference studies conducted since 1978. That includes 
capturing the 1984 Westcom Study, the most comprehensive readership 
study ever conducted in the industry. Which tells us EDN captures more 
attention than any other electronic engineering publication. 

Thanks. We couldn’t ask for better results. 


First in Readership among Design Engineers and Engineering Managers in Electronics 
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EDN REPRINTS 


A Designer’s Guide to: 


CMOS ICs 


As featured in EDN Magazine 


A Designer's Guide 
to CMOS ICs 


CMOS is fast becoming the chosen 
technology for developing integrated 
circuits. That’s because CMOS ICs 
are able to implement ultra-complex 
system-level functions on a chip! 
Now you can meet the special 
challenges posed by this new breed 
of ICs with A Designer's Guide to 
CMOS ICs. You'll learn the advanced 
design and fabrication techniques 
required. Plus the latest linear and 
digital CMOS ICs available. 


Mail coupon to: 


EDN Reprints 

EDN Magazine 

Cahners Building 

275 Washington Street 
Newton, MA 02158-1630 


Please send the following Designer’s Guide(s): 


copies of A Designer’s Guide to CMOS ICs 
11 $ 6.95 UPS U1 $10.95 non USA 


(BANK DRAFT ONLY) 


____copies of A Designer’s Guide to Semicustom Integrated Circuits 


11 $ 6.95 UPS CL) $10.95 non USA 


(BANK DRAFT ONLY) 


A Designer's Guide to: 
Semicustom | 
Integrated Circuits 


A Designer’s Guide 
to Semicustom 
Integrated Circuits 


Learn how to design a semicustom 
IC with A Designers Guide to Semicustom 
Integrated Circuits. Based on EDN’s 
own design experience, this nine- 
chapter booklet outlines the com- 
plete procedure used to design, 
fabricate, and test EDN 1, a chip 
with a 1200 equivalent-gate com- 
plexity. You'll not only learn the 
steps to take when creating ICs, but 
also the designicost analyses and 
vendor-interface methods that lead 
to successful semicustom chips. 


ches sgl 
Innovative _ 
Linear Circuits 


As featured in EDN Magazine 


A Designer’s Guide 
to Innovative Linear 


Circuits 


As exciting as digital technology is, 
you still need analog circuitry to 
operate on signals from real-world 
sources. Now, EDN is offering a 
wealth of analog design informa- 
tion in A Designer’s Guide to Innova- 
tive Linear Circuits. This 186-page 
collection of articles was developed 
by Jim Williams, one of Americas 
foremost linear-circuit designers. It 
includes practical and efficient ways 
to use op amps, comparators, data 
converters, and other analog ICs, 
and discusses the theories behind 
all the design techniques presented. 


Please print clearly. This is your mailing label. 


NAME 


a ea ee 


ADDRESS 


____copies of A Designer’s Guide to Innovative Linear Circuits 


LJ $14.95 UPS U $19.95 non USA 


(BANK DRAFT ONLY) 


CITY 


Check or money order made out to EDN REPRINTS must accompany each 
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order. No COD. Mass. residents add 5% sales tax. EDN111386 
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Its all in the family. 


The greatest selection of VME boards on the 
market from the leader in VME. 


If youre designing for VME, and need 


a high degree of system-level configurability, 


Motorola has all the right building blocks. 
Our VMEsystem products offer you the 
greatest selection of highly-compatible, 
pretested CPU boards available anywhere. 
The best price/performance module in 
the industry, our MVME133 featuring our 
32-bit MC68020 MPU tops the list. 
Motorolas modular VME subassemblies 
are headed by a series of 23 monoboard 
microcomputers/processor modules, sup- 
ported by a full complement of memories, 
intelligent peripheral controllers, network- 
ing interfaces, [/O Channel expansions, 
and a wide range of chassis, accessories 
and software. 


Tough 8-, 16- and 32-bit 
VMEbus products. 

Our VMEsystem products offer the 
ability to intermix 8-, 16- and/or 32-bit 
products with a single bus structure... 
multi-vendor support from over 200 com- 
panies who manufacture more than 1500 
VMEbus compatible products. ..and 
formal, industry-wide standardization by 
both IEEE and IEC. Furthermore, all 
Motorolas system products are based upon 
the VME standard for single and double- 
high boards, featuring DIN pin and socket 
connectors for rigid and virtually gas- 
tight seals. 

The bottom line is this. If youre doing 
system designs based on VMEbus architec- 
ture, we have the products which are the 
logical choice for harsh industrial applica- 
tions where invulnerability to shock, 
vibration and corrosion are basic require- 
ments. Motorola has the design solution. 


VRTX is a registered trademark of Hunter & Ready. PDOS is a 
trademark of Eyring Research Institute, Inc. pSOS is a trademark 
of Software Components Group. Hemenway BASIC is a trademark 
of Hemenway Corp. VMEmodule, VERSAdos, VMEbug, SYSTEM 
V/68, RMS68K and MicroMAP are trademarks of Motorola, Inc. 


VMEbus CPU Modules Hardware, software and 


complete support. 

For fast, easy application development, 
every Motorola VMEmodule™ is backed 
by our full-featured VERSAdos™ real-time 
operating system and its companion real- 
time executive kernel, RMS68K.™ 

And, for initial system checkout, you 
can select any of a series of available 
firmware packages with a full range of 
self-test, debug utilities and SCSI support. 
Powerful VRTX,® PDOS”™ pSOS™ and 
Hemenway BASIC™ software packages, 
ported and ready to run, are all available 
from their respective third-party sources. 


VME is the standard and Motorola 
is the leader in VME. A mini catalog for 
Motorola’s complete VME line and data 
sheets for individual VME products 
are available from all Motorola distrib- 
utors and sales offices. Either call your 
favorite Motorola 
VME product Were 


supplier or send 

in the completed Jal Ur 
coupon for the ' j 
information you IN-N 


desire. te leak 


*MC68881 FPCP NS 


Not supplied **MMU +PMMU Socket MOTOROLA INC. 
European Semiconductor Group 


2 Write To: Motorola Ltd., European Literature Centre, 88 Tanners Drive 
Blakelands, Milton Keynes MK14-5BP, United Kingdom 


Please send me complete data on Motorola’s family of VME processor modules. 
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Country 
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The Zr'33. 


The FIRST programmer 
fogang MOS PLDs. 


The first programmer in the world 
to gang 8 logic devices at one time. 


Programming made faster and 
more flexible than ever before! 


The ZL33 provides the ultimate in user flexibility by combining 
high speed production with the full range of specialist PLD 
development system features. 

Now at last, high volume programming at a fraction of the cost 
of a handler. For the first time, 8 MOS logic devices can be programmed 
simultaneously, either from a master device or via the interface. The 
interactive software, together with the 0.5 Megabit RAM, provides a 
fully comprehensive operating and editing facility for the modern 
design engineer. 


The ZL33 will gang program up to 8 logic devices, and will support 

all current 20 and 24 pin MOS PLDs. 

Offers fast programming plus full error reporting 

Two RS232C ports with remote control and pass-through 

Includes JEDEC I/O format support 

Full serial handler interface capabilities 

0.5 Megabit RAM as standard 

Software easily upgraded within the module 

Self test on power-up 


Auto Recall to reset a 
memorised operating 
parameters on power-up 
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Stag Electronic Designs Ltd, Stag House, Tewin Court, 
Welwyn Garden City, Herts, AL71AU 
Tel: (07073)3214B Telex: 895341 


Dake boost capacity to 600M bytes. iGumently salable drives store 60M 
ae and 120M- nae models are Pnereine: : The Series II Gold by of 


ea ee guiding, odes head wear oy. 30%, and features 65% fewer in- : 
: speed variations. Series II Gold cartridges for QIC- -24 and GIC- -120 drives 
Leos the ® Microtape é 2000 version for «orgies drives sells for $31. 50. The — 


un 


: one CRT that c can Lema 4096 colors. | 


dado Tne 2 (Ban Jose, CA, (408) 
434-3000) incorporate | a preprichay continuous- ares ee with both ee and 
local signal routing to offer circuits witt ‘7 9000 to. , 
pagation delay is 0.7 nsec | for a 2- input NAN . 

of interconnect, while & ne = pion epost 


You seuees your = dagen using i co} 
ee simulation, (igen! and 


Phbanved: Graphiue Adapter (BGA), 
isplay Adapter (MDA), as well as 
systems. Based on the PEGAILA | 
ancisco, CA), the boardcan 


CA, (805) 541- 0488) brings the functions of IBM’ 
Color Graphics Adapter (CGA), and Monochrome 
Hercules monochrome graphics, 0 STD Bus-b 
graphics controller from Paradise Systems (San 
automatically switch to the particular graphics I 
software. The board runs under Ziatech’s PC -DOS- -compatible operating systems, STD 
DOS, and STD Multi-DOS. The $565 price includes BIOS software. —— Ss Conner — 


CPU CARD PLACES 12. 5-MHz 68020 oP on G + BUS 

For industrial and control G64/ G96 Bus appl 
crunching, Gespac (Mesa, AZ, (602) ! 2-555 9) | 1s introduced the GESMPU- 20 68020 
CPU card. The G64/G96 Bus only provides a 16- -bit data path, but the 68080 card Pro- 
vides local access to 32- bit memory. The card includes four 128k- -byte, zero-wait- state | 


EPROM sockets and 256k bytes of zero-wait-state static RAM. The standard version. in- : SF 


cludes a 68881 math chip and costs. $1250. You may optionally specify 512k bytes Of 


node required by your applications — Se 


ions that: require extensive number | _ 


static RAM, in which case the price is $1500. Gespac offers the multitasking, real-time | 


08-9 operating system for the card, rendering it software coe _ other a 
products based on the 68000 ae —— —Mau ry te pring oe | : | - 


ON -M Hi iz petitive and 280- MHz  single- -shot | 
bandwidths. The $23, 900. instrument features 3 an 8k- 


— time, and P eak- -to-peak senpiinide qe reiiames 5 { 
A3 ue OD psec/division. —Steven H pee 
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Options. No other ASIC company is able 


to pack more logic, memory, processors or 
~ [DPMAN' Speed and total control. No matter 
than you ever thought possible. 
EEPROM rg, »¢ cs Long- range migration strategy. NCR 
PLA 

The competitive edge. NCR > 
A great track record. NCR 
Call 303-226-9500 for our 


peripheral controllers on a single IC. 
Integration. No ASIC supplier is better 
equipped to integrate large functional 
how unique your application or how 
elaborate, NCR puts the design tools 
in your hands to combine standard 
CHIP First-pass success. And we don’t mean 
design starts. Or prototypes. We mean one of the 
highest design-into-production success rates of 
SCSI helps prevent technology obsolescence. 
x Your design evolves without the usual 
growing pains and without going 
. provides you with the CAD tools 
that can build a chip with 
functions and densities that 
ANA OM yO ro : 0° “G0 —.6 takes devices all the way from 
Co i oY of o* concept through fabrication. 
n-time. On-budget. 
: act- -filled ASIC data package. 
Or write Commercial ASIC 
Products, 2001 Danfield Court, 


_ blocks in 2 pm and 3 wm geometries. 
cells, supercells and compiled cells faster 
gr any ASIC supplier on the planet. 
through lengthy re-design cycles. 
outrival the competition. 
ill you have to do is say when. 
Ft. Collins, CO 80525. 


NCR Microelectronics Division © 


ems 
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NEWS BREAKS: INTERNATIONAL 


EDITED BY GEORGE STUBBS 


FAMILY OF .Ps COVERS 8- TO 32-BIT RANGE 


Starting in the last quarter of 1987, Hitachi Ltd expects to deliver samples of its new 
H Series wP family. The family includes 8-, 16-, and 32-bit devices that suit a variety of 
tasks. The high-end 32-bit uP provides an on-chip memory-management unit (MMU) as 
well as caches for instructions and stack information. The device also furnishes 
separate data and address buses, and it addresses as many as 4G bytes of data. You 
can disable the chip’s MMU so that memory exists as a set of linear addresses. Initia] 
parts will operate at 20 MHz; Hitachi expects to offer samples of 24-MHz chips in 
1988. Software developed in C for one H Series uP can be recompiled to operate with 
other chips in the family, thus providing for easy software migration among the 
devices.—Jon Titus 


CMOS MASK-ROM IC CAN SWITCH BIT COMPOSITION 


Fujitsu has recently developed the MB834100, a 4M-bit, CMOS mask-ROM IC that can 
alternate between two bit organizations. It can operate either in a 52kx8-bit state or in 
a 26k x16-bit state. The company designed the 9.2x7.9-mm chip using a 1.2-u4m pro- 
cessing rule. The maximum access time is 250 nsec. The company will begin mass- 
production of the IC next spring, and it expects to produce 20,000 to 540,000 units per 
month. The expected price is approximately ¥4000 ($25.97) in quantities of 200. 


CMOS FIFO MEMORY HAS 256k-BIT STORAGE CAPACITY 


A 256K-bit dynamic memory from Nippon Electric Co purports to have the largest 
capacity to date of any FIFO device and allegedly marks the first attempt to implement 
FIFO memory using dynamic-RAM technology. The CMOS MuPD42532C is organized as 
68kx8 bits, and it costs about one-third to one-fifth, and takes up about one-tenth of 
the space, of an equivalent static-memory board. The company uses a 1.2-um design 
rule to fabricate the device, which employs a double-buffer read-write data register for 
simultaneous read-write operation. The cycle time is 100 nsec, and the access time is 
50 nsec. The price for samples of the 600-mil, 40-pin device is ¥10,000 ($64.52). 


MAGNETIC DISK SUBSYSTEM TRANSMITS 4.4M BYTES/SEC 


Nippon Telephone and Telegraph (NTT) has developed an 8.8G-byte, high-speed 
magnetic disk subsystem, which it plans to offer as part of the DISP 11/5E Series 
mainframe next spring. The seek time of the subsystem is 12 msec, about two-thirds 
the time at which NTT’s 3.2G-byte magnetic disk subsystem operates. The data- 
transfer speed of the new product is about 3.3 times faster—4.4M bytes/sec. The 8.8G- 
byte unit specs a recording density of 60k bits/mm?. When using a magnetic disk con- 
troller, the DISP 11/5E mainframe can handle four of the disk subsystems. 


PLASTIC F-O LINK CUTS COSTS BY TWO-THIRDS 


Toshiba has developed a family of plastic fiber-optic-link components that promises 
to improve upon the cost of conventional fiber-optic links by a factor of two-thirds. 
Designed for transmission over distances to om, the plastic fiber-optic link transfers 
data at a speed of 100k bps. Shipments of samples begin this month for a price of ¥900 
($5.84). Toshiba has also developed a quartz fiber-optic link capable of transmitting 
6-MHz analog video signals. Samples of this link will be available in December for 
¥300,000 ($1948). 
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CADDStation 


HOW DOES YOUR 
CAD/CAM SYSTEM COMPARE’? 


CADDStation™ Your System 
YES NO | YES NO 


YL ee me 
A UNIX® Operating System offering ease-of-use, window- 


ing, multi-tasking, inter-process communication, flexibility and 
a rich programming environment. 


PA a] FULL INTEGRATION ie T] 
Industry standard systems technology such as a true high- 


speed 32-bit VME bus, a 32-bit MC 68020 CPU and Ethernet®* 
interface. Combined with TCP/IP network protocols and graphics 
subsystems. 


a ipod noe Bee. 
Able to operate alone, as nodes in LANs, or as diskless 


machines. Compatible with IBM, BSC and SNA. Plus the latest 
industry Network File System (NFS) based on Sun Microsystems 
technology. 


LOW COSTS od Me 
Offered in a wide range of configurations, capabilities and 


prices. Options are available to you from $20,000 for a network 
add-on. From $50,000 for a stand-alone system. A price- 
performance ratio that maximizes ROI. 


an peel cee ie 
Simply put, the most widely installed and highly regarded 


CAE/CAD/CAM applications software in the world, and it’s avail- 
able now. Plus, other UNIX® third party software. 


PA By PROTECTED INVESTMENT pe EB 
Makes obsolescence obsolete by developing and maintain- 


ing constantly compatible hardware and database systems that 
are your company’s most valuable assets. And backs it up with 
worldwide service and support, training and ongoing R&D. 


IBM is a registered trademark of International Business Machines Corp. UNIX is a registered trademark of 


I’ve compared! Please tell me more about the power, 
performance and price of CADDStation" by Computervision. 
I’m considering CAD/CAM (Now [1 Please call me 
C1 I’m gathering information at this time. 


Name: Title: 


Street City/Zip Phone 


} ~ Mail to: 
Ef ) Computervision Corp. 
a Dept. 425A 
| 100 Crosby Drive 


mee Bedford, MA 01730 Se ee 


: | 
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(1-49) 


one-piece design defies rough handling 


Check these features: 


VY Each unit undergoes high-impact shock test 
Y Available from 1 to 40 dB 

Y DC to 1500 MHz 

Y Unexcelled temperature stability, .002 dB/°C 
¥ 2W max. input power (SMA is 0.5W) 


Y BNC, SMA, N and TNC models 
Y Immediate delivery, 1-yr. guarantee 


Precision 50-ohm terminations ... only $6.95 (1-24) 
DC to 2 GHz, 0.25W power rating, VSWR less than 1.1 
BNC (model BTRM-50), TNC (model TTRM-50) 

SMA (model STRM-50), N (model NTRM-50) 


A Division of Scientific Components Corporation 


P.O. Box 166, Brooklyn, New York 11235 (718) 934-4500 
Domestic and International Telexes: 6852844 or 620156 


C92 REV.B 


*Freq. Atten. Tol.| Atten. Change, (Typ.) 
(MHz) (Typ.) over Freq. Range VSWR (Max.) 
DC-1000} 1000-1500 |} DC-1000 MHz | 1000-1500 MHz 
DC-1500 MHz 3 1.5 


*DC-1000 MHz (all 75 ohm or 30 dB models) © DC-500 MHz (all 40 dB models) 


MODEL AVAILABILITY 
Model no. =a series suffix and dash number of attenuation. 
Example: CAT-3 is CAT series, 3 dB attenuation. 

@ denotes 75 ohms; add —75 to model no. 


@ denotes 50 ohms 
ATTEN SAT (SMA) CAT (BNC) NAT (N) TAT (TNC) 
1 @ 8 @ 9 
2 @ @ ® @ 
3 s CT @ ® 
4 @ @ S ¢ 
5 T @ @ @ 
6 @ on & @ 
7 @ s 8 e 
8 @ ® ® @ 
9 ® & @ & 
10 6 CT @ @ 
12 @ @ @ @ 
15 ® On @ @ 
20 e on . & 
30 6 @ ® & 
40 & @ @ @ 


PRICING (1-49 qty.): CAT (BNC)..$11.95, SAT (SMA)..$14.95 
TAT (TNC)..$12.95, NAT (N)..$15.95 
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3 KHz-800 MHz 
over 50 off-the-shelf mod 


from °2%° 


Choose impedance ratios from 1:1 up to 36:1, 

connector or pin versions (plastic or metal case built 

to meet MIL-T-21038 and MIL-T-55831 requirements*). 
Fast risetime and low droop for pulse applications; 

up to 1000M ohms (insulation resistance) and up to 1000V 
(dielectric withstanding voltage). Available for 

immediate delivery with one-year guarantee. 


Call or write for 64-page catalog or see our catalog in 
EBG, EEM, Gold Book or Microwaves Directory. 


*units are not QPL listed 


A Division of Scientific Components Corporation 


P.O. Box 166, Brooklyn, New York 11235 (718) 934-4500 
Domestic and International Telexes: 6852844 or 620156 


C71 Rev. Orig. 
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With little more than a westerly wind, a small group of 
adventurers pushed performance to the very edge. 


In that same spirit, we at AMCC are 
committed to helping you get the 
maximum efficiency from your high 
performance semicustom designs. 
We offer the broadest line of high 
performance semicustom products— 
because high performance semi- 
custom is all we do. In fact, we’ve 
been successfully delivering efficient 
high performance arrays to America’s 
top electronics companies for years. 
Take a look at our specs and you'll 
discover just how successful our 
way of thinking has become. 


Discover New World Capabilities. 


Our bipolar products offer speed/ 
power programmability at the logic- 
gate level—to optimize performance 
and minimize overall power dis- 
sipation. In fact, you can get gate 
delays ranging from 225 to 600 pico- 
seconds, depending upon the level 
of macro performance desired. 
With densities of up to 5000 equiva- 
lent gates. You can even specify a 
QM16008S with 1280 bits of static 
RAM and 1600 logic gates together 
on one chip. 


“ KCK 


In addition, our high-density 
CMOS arrays (up to 10,000 gates) 
also offer extraordinary performance 
and efficiency. Typically 1.1ns (while 
dissipating less than 20.W per gate 
per MHz). And, if required for your 
application, all our devices, both 
bipolar and CMOS, can be processed 
to MIL-STD-883C Methods. 


Something Unexpected 

On The Horizon. 

When you bring us your design ideas, 
you'll also discover a combination 
you may not expect. Because in addi- 
tion to high performance bipolar and 
CMOS products, we’ve also brought 


high performance service into view. 
With our MacroMatrix™ software 

kit, we can implement your designs, 
whether they've been generated on 
your CAD system, by you at our design 
center or specifically by us for you. 
MacroMatrix is supported on Daisy, ” 
Mentor Graphics," Tektronix/CAE, ” 
Valid™ and Tegas.™ 


Chart A Course For Your Own 
New World. 

That’s exactly the kind of perfor- 
mance capabilities you’d expect from 
the company that was first to offer 

a flexible design interface and first 
to deliver mixed ECL/TTL arrays. 


ss 
SS 
= 
Ny 
N 

N 
= 


Arrays that substantially reduce 
overall parts count and system 
power requirements, and simplify 
component interface. 

So when you're ready for the full 
story on the only independent, high 
performance semicustom supplier 
that works side-by-side with you—to 
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ensure that your designs work right 
the first time—simply call (619) 
450-9338, write us at 5502 Oberlin 
Drive, San Diego, CA 92121 or circle 
the reader service number below. 
In Europe, call AMCC (U.K.) at 
(44) 256-468186. 

AMCC. Dedicated to discovering 
high performance semicustom 
solutions...and delivering them. 


APPLIED MICRO CIRCUITS CORPORATION 


™ MacroMatrix is a trademark of Applied Micro Circuits Corp. 
Trademarks: Daisy—Daisy Systems Corp.; Mentor Graphics— 
Mentor Graphics Corp.; Tektronix/CAE—Tektronix; Valid— 
Valid Logic Systems, Inc.; Tegas—Calma, a division of General 


Electric Co. 
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Your wait for 16 and 32 bit 
“WAIT STATE FREE” 
VMEbus CPU’s is over. 


Force Computers latest addition to its series of VMEbus CPU’s 
features the popular 68020 at 16.67 MHz with zero wait states 
into 512 or 1024 KBytes of local RAM. Our design is so advan- 
ced that you will be able to accomodate speed improvements on 
the 68020 to 20 MHz without running into any “Wait States”. 
NONE. 


If your design calls for massive number crunching, we have good 
news for you. Our FPU runs at the same speed as the MPU. 


If you don’t like to wait, use our free advanced FORCEbug 
monitor. A one line assembler/disassembler for 68020 and 
68881 with upload and download capabilities, self test, and 
memory test is included. Free. Built-in macro commands and 
benchmarks will give you the first glance at true 32 bit “NO WAIT 
STATE” performance. 


# 


If you need more software, take a look at our PDOS* Real-Time 
Operating System supporting C, FORTRAN 77, and PASCAL. 


Or, if you think that 16 bit will do it for you, get your hands on our ® 


brand-new CPU-5 family with “NO WAIT STATE” performance ee 

at 12.5 and 16.67 MHz into 128 KByte of local RAM and Floating 5 

Point support. Yes, 68000 at 16 MHz. 2 | 

Force supports you with VMX on both CPU-20 and CPU-5 fami- O dp the intelligent choice 


lies. Both with 700 page manuals. 


In-circuit and dynamic test including a 48 hour burn-in at 60 
degrees C will give you the quality you are looking for. 


Need more support? 
, ‘ ae FORCE COMPUTERS INC. FORCE COMPUTERS GMBH FORCE COMPUTERS FRANCE 
Don’t wait. Call our application support team toll free, 727 UNIVERSITY AVENUE DAIMLERSTRASSE 9 44, RUE CASTEJA 
1-800 BEST VME. In California, 1-800-237-8862. LOS GATOS. CA 95030 —D-8012 OTTOBRUNN F-92100 BOULOGNE 
PHONE (408) 354-3410 _ TEL. (089) 6001-0 PHONE (1) 6203737 
TELEX 172465 TLX 524190 FORC-D TLX 206304 FORCF 
*PDOS is a trademark of Eyring Research Institute. TELEFAX (408) 395-7718 — TELEFAX (089) 6097793 TELEFAX (1) 6213519 
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Standard equipment for those 
who dontt use the Model 101 recorder. 


You don’t need to be lucky with the Honeywell Model 101 portable recorder. 

The Model 101 is reliable. First and foremost. With features built for function, not fashion. 
¢ Microprocessor-controlled auto test allows calibration verification at the 
speed you select * Solid - ferrite heads warranted for 5,000 hours are 
so stable that the need to re-equalize is practically eliminated ir 
¢ Vibration-isolated transport for reliable operation in mobile : . ES HS 
environments ¢ Average Mean Time Between Failure (MTBF) is 
2,000+ hours * Spare parts available overnight through 
a worldwide service network. 

For details, contact Darrell Petersen, Honeywell Test 
Instruments Division, Box 5227, Denver, CO 80217-5227. 
(303) 773-4835. 


Together, we can find the answers. 


Honeywell | 


©1986 Honeywell Test Instruments Division : 
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SIGNALS & NOISE 


Engineers are not 
application-specific 

Dear Editor: 

I agree fully with David Shear’s 
letter to the editor (EDN, August 7, 
pg 28), in which he states that there 
is no significant difference between 
analog, digital, and software de- 
sign. Only the constraints and “han- 
dles” are different; the essential 
thought processes of design are the 
same. 

Even more endemic is that, in the 
digital realm, there is barely any 
difference between the various logic 
families (TTL, CMOS, ECL, etc). 
The parameters change, the prob- 
lems (noise, static sensitivity, etc) 
vary, but any “digital” engineer 
should be able to design fluently in 
any technology, once he learns the 
design rules. Further, there is ab- 
solutely no difference between 8-, 
16-, and 32-bit microprocessors ex- 
cept the number of latches/buffers 


MOD 35” (15”) 
High-density display 
features up to 35 kHz 
scanning frequency. 


Optimiser® (12”, 15”, 17”, 19”) Customiser II® (7”, 9”, 12”, 14”) 
Wide variety of application 


Optimum performance in a 


space-saving package. choices. 


See us at WESCON ’86 BOOTH NO. 1244 
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Wells-Gardner takes the “CUSS” 


MOD 35”/MOD 64™ 
Landscape version 


required and the amount of directly 
addressable memory. 

The sad part is that employers 
don’t see it that way. I’ve had one 
company tell me that it can’t hire me 
for a 16-bit project because I only 
have a little 16-bit experience, even 
though I have several years of 8-bit 
microprocessor experience. I’ve had 
another employer tell me it can’t 
hire me for ECL design because of 
lack of experience, even though I’ve 
pushed STTL to its limits for 10 
years. 

These are false constraints to ac- 
cept when measuring prospective 
employees, and they tend to box us 
into technological corners. This also 
holds true for applications. I was 
recently asked in an interview if I 
considered myself a medical-elec- 
tronics or a CAD-electronics design 
engineer. I couldn’t care less! As 
long as the work is challenging and 
stimulating, I’m interested. The 


MOD 64™ (15”, 17”, 19”) 
High-density display features up 
to 70 kHz scanning frequency. 


Low profile design for 


Minimiser™ (5" x 9”, 7” x 13”) 


electrons and silicon don’t care what 
the application is, and neither do I. 
Sincerely yours, 

Philip Mandel 

Consulting Engineer 

Beaverton, OR 


Digital design is a 
subset of analog design 
Dear Editor: 
With reference to David Shear’s let- 
ter to the editor (EDN, August 7, 
pg 28), I would like to comment that 
Mr Shear’s interpretation that there 
is no boundary between analog and 
digital design is an oversimplifica- 
tion that is in part misleading. 
Digital design is an area of specia- 
lization, or a subset, if you will, of 
analog design. It deals with analog 
voltages that can take only two val- 
ues, namely 0.4 and 2.4V nominally 
for TTL, which represent a logical 


zero and a logical one, respectively. 
Continued on pg 37 


“out of customized 


Customizing means 
frustrating in some 
engineering circles— 
synonymous with 
costly time and devel- 
opment delays. 


At Wells-Gardner, as 
much as 80% of the 
custom design work is 
already done for you 
and skilled systems 
engineers are available 
to work with you in tailor- 
ing the remaining 20% 
to your application. 
Choose from any of the 
base models shown. 


For details, call Larry 
Brady, Vice President, 
Data Display. 


microcomputers, point-of-sale 
terminals, instrumentation. 


wells-Gardner ElECcTRONICS 
CORPORATION 2213:c20 i220 Gero 
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SERVING CONSUMER AND INDUSTRIAL ELECTRONICS FOR MORE THAN SIXTY YEARS 
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EMBEDDED 
SCSI. 

VVHE THER 

YOU'RE READY 
OR NOT. 


Whether you're Series. The most easy to integrate trio of 514" hard 
using Common drives on the market today. 
Command Set What makes them so easy to integrate is a little 


P| (ECS) or notit switch our engineers built in for your convenience. It 
doesnt matter.Because lets you change to an embedded SCSI drive without 
we ve got a series of high capacity changing your present SCSI unique command set. Or, 
5%" Winchester drives that you can use right if you want to start using CCS, just flip the switch. 
now. And, in most cases, without any driver software Either, or. Now or later. 
changes. Without any delays. The Toshiba MK-150 And we ve got the drives now. All three of 
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them. With capacities up to 173 megabytes. And a fast So don't delay. You can put off the decision to 
average access time of 25 milliseconds. All with avery go to CCS but you don't have to put off the benefits of 


high 30,000 hour MTBF. The kind of reliability that going to embedded SCSI. Just go with Toshiba. 
Toshiba is famous for. For more information call 408-727-3939. Or 
And of course they come with all the support write Toshiba America, Inc., Disk Products Division, 
Toshiba is famous for, too. Fast evaluation unit delivery, 3910 Freedom Circle, Suite 103, Santa Clara, CA 95054. 
Responsive technical assistance. And if embedded We're ready and waiting. Even if you're not. 
SCSI’s not your game, the MK-150's are also 
available with an ESDI interface. WORLD-CLASS QUALITY. WORLD-CLASS SUPPORT. 
TOSHIBA 
DISK PRODUCTS DIVISION © 1986 Toshiba America, Inc. 
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PCB Connectors... 
and a lot more! 
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IL Series 


Connect with 
confidence... 


Connect with 
JAE! 


For reliable PCB connections, connect 
with JAE Electronics — a leading 
manufacturer of electronic components 
for over 30 years. There’s a JAE PCB 
connector for virtually every need: 

PICL Series These two-piece, miniature 
connectors are ideal for use in products 
having limited space for PC 
interconnections. 
e High contact density (0.050” pitch). 
e Board-to-board applications. 
e Through hole, right angle and straight 
interconnections. 
e Optional polarization key available. 
IL Series General purpose connectors 
for indirect PCB interconnect 
applications in commercial/industrial 
electronics equipment. 
e High contact density (2.0mm and 
2.5mm pitch). 
e Low cost. 
e IDC, crimp and 
through hole types. 
e Friction locking 
he. mechanism. 
PB21 Series 
Versatile, low cost 
™ cCard-edge connectors 
for direct PCB interconnections. 
e Variety of contact layouts (0.100”, 
0.125” and 0.156” pitch). 
e Low insertion/removal force. 
e Through hole and wire-wrapping 
terminations. 
e Optional polarization key available. 
PS Series IDC socket connectors for flat 
ribbon cable applications. 
e High contact density (0.100” pitch). 
e Board-to-board and board-to-cable 
applications. 
e Crimp-socket contacts for high volume 
termination of discrete wire. 
e Board-mounting pin headers, with 

pin posts. 

Connect with confidence. Connect 
with JAE. Call or write today for more 
information on JAE’s broad selection of 
PCB connectors, and the complete line of 
JAE Electronics connectors, switches, 
and fiber optics products. 

JAE Electronics, Inc. 

1901A E. Carnegie Avenue 

Santa Ana, CA 92705 

(714) 250-8770 e Telex 681-438 (JAE US). 
(800) JAE-PART (523-7278) Toll free 


except in California and Alaska. 


Ce ee 
JAE Electronics, Inc. 
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SIGNALS & NOISE 


It is not only possible, but rather 
even probable, that a digital design- 
er can work for years in the realm of 
timing diagrams and logic equations 
of ones and zeros without ever hav- 
ing to be concerned with transmis- 
sion-line effects. And this is as it 
should be, for division of labor has 
always been the key to efficiency 
and productivity in design, no less 
than in manufacturing. 

When such problems as reflec- 
tions and crosstalk are encountered 
in digital design, the designer will 
have to cross the boundary to analog 
design. A boundary it is, because 
different physical and mathematical 
principles prevail. Where Boolean 
algebra generally governs the for- 
mer, electromagnetic-wave-trans- 
mission equations govern the latter, 
and the two are handled quite differ- 
ently. Similar differences might 
apply in the case of hardware and 
software. 

Sincerely yours, 


Fred Chitayat 
Canadian Marconi Co 
Montreal, Quebec, Canada 


Correction 


In the description of Gold Hill Com- 
puters’ 386 Hummingboard (EDN, 
September 4, pg 20), please note 
that the software/hardware combi- 
nation lets you address as many as 
24M (not 15M) bytes of memory. 
The $1195 price quoted is for the 
Gold Common Lisp 386 develop- 
ment-system software alone. The 
386 Hummingboard, with 6M bytes 
of onboard RAM and the develop- 
ment-system software, costs $7000. 


We goofed 


The Newsbreaks: International col- 
umn in EDN’s August 21 issue (pg 
22) included an entry about a GaAs 
IC from Matsushita, in which we 
stated that the op amp “raises the 


gain level to 200 MHz.” Of course, 
it’s the IC’s unity-gain bandurdth 
that is 200 MHz. The wayward para- 
graph also stated that silicon op 
amps “are limited to a 1-MHz unity- 
gain range.” Silicon op amps have 
offered much higher unity-gain 
bandwidths for some time. The re- 
cently introduced SL9999 op amp 
from Plessey Semiconductors, for 
example, specs a unity-gain band- 
with of 400 MHz. We apologize for 
the goof. 


WRITE IN 


Send your letters to the Signals and 
Noise Editor, 275 Washington St, New- 
ton, MA 02158. We welcome all com- 


ments, pro or con. All letters must be 
signed, but we will withhold your name 
upon request. We reserve the right to 
edit letters for space and clarity. 


waste PCH LES 
SE RREIIDRE SA THCLE 
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YOUR INTELLIGENT CHOICE 
IN INDUSTRIAL TERMINALS 


‘VuePoint 


For touch-interaction with on- 


a board intelligence and bright, 
long-lived displays, choose the VuePoint line of industrial 
terminals. Many major manufacturers and OEM’s already have. 

Let VuePoint’s intelligent processing and simplicity of 
touch-response perform the display functions, so your pro- 
grammable controller can do what it does best . 
VuePoint offloads controller processing of alarms and display 
messages. The screen editor makes it easy to create 
_ multiple pages of bright text, menus, pushbuttons, 
~ bargraphs or graphics. And VuePoint’s gas-plasma 
screen maximizes reliability. 

The intelligent alternative to CRT’s. See for 
yourself at. Call or write: 


. . control. 


General Digital Corporation 


160 Chapel Road 
Manchester, Connecticut 06040 
(203) 647-9700 
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_ factors and 
ment results 
controlled by the top 
row of push buttons. 
© SmartCursors™ 
track + peak or peak- 
to-peak voltage , 
measurements. © Gated 
voltage mode makesit | 
possible to itensify a portion of a waveform 
and make voltage measurements on 


that segment only. OVersatile triggering lets The 2246 provides direct time readout infor- 
you trigger the main or delayed sweep on any mation when seconds is selected in cursor 
of the four channels. @ Backlit control buttons mode. You also have 1/seconds in Hz and 
verify that a function is active. phase capability. 


Copyright © 1986, Tektronix, Inc. All rights reserved. TTA-682. 


or in the ld they re easy to use 
and afford, by design. And backed 
by Tek's three-year warranty that 
includes the CRT. 
On top: the 2246 with exclusive 
integrated push-button measure- 
ments. Your measurements are 
accessed through easy, pop-up 
menus and implemented at the 
touch of a button. Measure + peak 
volts, peak-to-peak, dc volts and 
gated volts with new hands-off con- 
| venience and on-screen readout of 
values. 

SmartCursors™ track voltmeter 
measurements in the 2246 and 
visually indicate where ground and 
trigger levels are located. Or use cur 
\ Sors in the manual mode for imme- 
\ diate, effortless measurement of 
\ waveform parameters like voltage, 
_ time, frequency, and phase. 

Both scopes build on per- 
\ formance you haven't seen at 
\. the bandwidth or prices. Lab 
grade features include sweep 
speeds to 2 ns/div. Vertical 
sensitivity of 2 mV/div at 

full bandwidth for low-level 

signal capture. Plus trigger 
sensitivity to 0.25 div at 

50 MHz, to 0.5 div at 150 MHz. 


a 


yale 


Conventional ATime measurement is also 
available from the menu in the 2246 for 
increased timing accuracy. Shown above: a 
ATime measurement of pulse width. 


Features 2246 2245 
Bandwidth 100 MHz 100 MHz 
No. of Channels 4 4 
Scale Factor Readout Yes Yes 
SmartCursors™ Yes No 
Volts Cursors Yes No 
Time Cursors Yes No 
Voltmeter Yes No 
Vertical Sensitivity 2 mV/div 2 mV/div 
Max. Sweep Speed 2 ns/div 2 ns/div 


2%/2% 2%/2% 
Auto Level, Auto, Norm, TV Field, TV Line, Single 


Accuracy: Vert/Hor 
Trigger Modes 


Sweep 
Trigger Level Readout Yes No 
Weight 16.5 |b/7.5 kg 16.5 |b/7.5 kg 
Warranty 3-year on parts and labor including the CRT 
Price $2400 $1875 


Best of all, high performance 
comes with unmatched conve- 
nience. You can see it and feel it—in 
the responsive controls and simple 
front-panel design, in extensive on- 
screen scale factor readouts, and in 
simplified trigger operation that 
includes Tek’s Auto Level mode for 
automatic triggering on any signal. 
Start to finish, the GPS Series saves 
steps and simplifies tasks. 

Get out in front! Call toll-free today 
to order, to get more details or a 


The 2246 also makes it Seeks to measure bee ia parame 
either AVolts or absolute volts from ground. 
In Oregon, call collect 
1-627-9000 


COMMITTED TO EXCELLENCE 


Tektronix: 
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BEFORE THEY TRAVEL AT MAGH 1,7+, 
THEY TRAVEL IN HARDIGG CONTAINERS 


For several current aircraft | MILITARY-DESIGNED 

and missile programs, Hardigg reusable con- 
the sensitive guidance tainers are specifically 
systems and other elec- | designed for rugged 
tronic components are military life in the field, 
stored and shipped in flight lines, aboard ship, 


Hardigg containers. So, and at supply ais 
before they travel on while pro- 
their own, they travel tecting the 
with us. contained 
equipment 
from shock, 


vibration, 
temperature | 
extremes, 
humidity, dust, dirt, al 


containers are designed 


military specifications. 


MILITARY- QUALIFIED 


branches of the military 
to supply solutions to 
their containerization 


earned their stripes like 
we have. For instance, 
we designed and supply 
shipping and 
storage 
con- @ 
tainers § 
for: the ¥ 
Army’s 
Aquila 
MPS pro- 
gram, the | 
Navy's 
WRA/SRA 
program, the 

Air Force’s AN/TAC-1 
computer system, and 
the Air Force guidance 


other contaminants. Our 


and manufactured to meet 


For twenty years, Hardigg 
has been specified by all 


problems. No other con- | , 
tainer manufacturer has : 


, sinha ¥ oo 


system for the B-52, 
IMU-SPN/GEANS pro- 
gram, to name but a few. 


MILITARY- SPECIFIED 


In addition to providing 
battle-proven products, 


Hardigg | is well versed in 


the qualification 
process and its 
demands. We 
can, therefore, 

move from the 
preliminary 
design review 
(PDR) to the 
physical configuration 
audit (PCA) cost- 
efficiently with on-time 
delivery. 


lf youre a Logistics, 
Project, or Program 
Engineer with a contain- 
erization problem, call 

| the company 
that’s military- 
inspired. 
Hardigg. 


Goo me ae 


& 
@ 
ae 
ocd 


Le HARDIGG 
INDUSTRIES, INC. 


P.O. Box 201 

North Main Street 

South Deerfield, MA 01373 
Telephone: (413) 665-2163 
Telex: 955431 


See us at WESCON, Booth #3290 
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Your best source 


of custom GaAs 
ICs is the same 


on for 


I 


re 


Pn GaAs 


technology leader 
IC products. 


you 


eir 


th 


expertise 


‘No one can 
mimic 


‘ 


rris has 
MMICs.” 


see Harris 


7 
lots of 


‘ 
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_ _Here’s why it will pay you to meet our custom 
chip capability — including Analog and Digital ICs! 
Whatever the endeavor, there's no substitute for experience. 

That’s especially true in the world of gallium arsenide 
analog and digital integrated circuits. And that’s why you 
should turn to Harris Microwave Semiconductor — the 
leader in standard GaAs ICs — for all of your custom-design 
needs, too. 

We've been producing standard GaAs FETs and digital 
ICs for years — from substrate to finished device — with 
greater product uniformity, higher quality and shorter pro- 
duction cycles. 

Now, this long-term commitment to quality and uniform- 
ity is yours in custom 0.5 and | micron MMICs (Monolithic 
Microwave Integrated Circuits) and 1 micron digital ICs. We 
supply fully documented design rule books and training, 
plus options like computer simulation, design assistance, 
packaging, testing and screening to make it easy for you 
to come up to speed quickly with your monolithic designs. 

Our experience can help you get the exact custom GaAs 
ICs you need when you need them. Let us introduce you 
to our: 

e Custom MMICs 

e Custom and Semicustom Digital ICs 

e Custom Analog ICs 

e Custom FETs/FET Arrays 

e Fabrication Services 

When you consider custom GaAs IC suppliers, 
there's really only one choice. Call Harris Microwave 
Semiconductor, 1530 McCarthy Boulevard, Milpitas, 
CA 95035; (408) 262-2222; TWX 910-338-2247. 


: Analog - CMOS Digital 
Semicustom - Custom 


NEW 200A/400V 
FAST SWITCHING 
HI-REL POWER 
TRANSISTORS! 


e SINGLE CHIP PLANAR CONSTRUCTION 

e HIGH VOLTAGE UP TO 400 VOLTS 

e HIGH CURRENT UP TO 200 AMPS 

e LOW SAT VOLTAGES 

e HIGH POWER DISSIPATION UP TO 700 WATTS 


AVAILABLE FOR THE FIRST TIME IN HI-REL PACKAGING! ! 
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Solitron’s new high voltage, high current planar power transistors offer 
fast switching capabilities for military and industrial applications including 
Switching regulators, pulse-width modulated power supplies, push-pull in- 
verters, power amplifiers, motor controls and robotics. 


These unique devices are competively priced and available now from 
Solitron. Look over the specification chart. Then call our Sales Department 
toll-free 1-800-327-8462 for more information. 


“yolltron 


DEVICES, INC. 


1177 Blue Heron Blvd., Riviera Beach, Florida 33404 
(305) 848-4311 ¢ TWX: (510) 952-7610 e TLX: 51-3435 
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CALENDAR 


India International Trade Fair, 
New Delhi, India. Mr Jha, Counsel- 
or for Commerce, Embassy of India, 
2107 Massachusetts Ave NW, Wash- 
ington, DC 20008. (202) 939-9841. 
November 14 to 30. 


8th Interservice/Industry Training 
Systems Conference, Salt Lake 
City, UT. Public Affairs Office 
09C1, NTSC, Orlando, FL 32813. 
(305) 646-4500. November 17 to 20. 


3lst Annual Conference on Mag- 
netism and Magnetic Materials, 
Baltimore, MD. American Institute 
of Physics, 335 E 45th St, New 
York, NY 10017. (212) 661-9404. No- 
vember 17 to 21. 


Pronic ’86 (International Exhibi- 
tion of Equipment and Products for 
Electronics), Paris, France. France 
Incoming, 34 rue Robert Giraud- 
ineau, F' 94800 Vincennes, France. 


(38-1) 45051317. November 18 to 21. 


Wescon/86, Anaheim, CA. Elec- 
tronic Conventions Management, 
8110 Airport Blvd, Los Angeles, CA 
90045. (218) 772-2965. November 18 
to 21. 


Ada Expo ’86, Charleston, WV. 
Becca Essman, Exposition Manag- 
er, Ada Expo ’86, Box 868, Freder- 
ick, MD 21701. (801) 662-9400. No- 
vember 19 to 21. 


Annual FORML (Forth Modifica- 
tion Laboratory) Conference, 


anta Clara, CA. Forth Interest 
Group, Box 8231, San Jose, CA 
95155. (408) 277-0668. November 21 
19:22. 


Drives-Motors-Controls/Program- 
mable Controllers Systems Exhi- 
bition, Birmingham, UK. Evan 
Steadman Communications Group, 
The Hub, Emson Close, Saffron 
Walden, Essex CB10 1HL, UK. 
(0799) 26699. November 25 to 27. 


Armed Forces Communications 
and Electronics Association/Kan- 
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MICRO CAP and MICRO LOGIC 


put your engireers on line... 


not in line. 2: 
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How many long unproductive hours 
have you spent “in line” for your simula- 
tion? Well, no more. MICROCAP and 
MICROLOGIC can put you on line by 
turning your PC into a productive and 
cost-effective engineering workstation. 

Both of these sophisticated engineering 
tools provide you with quick and efficient 
solutions to your simulation problems. 
And here’s how. 


MICROCAP: 
Your Analog Solution 


MICROCAP is an interactive analog 
circuit drawing and simulation system. 
It allows you to sketch a circuit diagram 
right on the CRT screen, then run an AC, 
DC, or Transient analysis. While pro- 
viding you with libraries for defined 
models of bipolar and MOS devices, 
Opamps, transformers, diodes, and much 
more, MICROCAP also includes features 
not even found in SPICE. 

MICROCAP II lets you be even more 
productive. As an advanced version, it 
employs sparse matrix techniques for 
faster simulation speed and larger net- 


spat al 


“Typical MICROCAP Transient Analysis” 


works. In addition, you get even more 
advanced device models, worst case capa- 
bilities, temperature stepping, Fourier 
analysis, and macro capability. 


MICROLOGIC: 
Your Digital Solution 


MICROLOGIC provides you with a 
similar interactive drawing and analysis 
environment for digital work. Using 
standard PC hardware, you can create 
logic diagrams of up to 9 pages with each 
containing up to 200 gates. The system 
automatically creates the netlist required 
for a timing simulation and will handle 
networks of up to 1800 gates. It provides 
you with libraries for 36 user-defined 
basic gate types, 36 data channels of 256 
bits each, 10 user-defined clock wave- 
forms, and up to 50 macros in each net- 
work. MICROLOGIC produces 
high-resolution timing diagrams showing 
selected waveforms and associated 
delays, glitches, and spikes—just like the 
real thing. 
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“Typical MICROLOGIC Diagram” 


Reviewers Love 
These Solutions 


Regarding MICROCAP ... “A highly 
recommended analog design program” 
(PC Tech Journal 3/84). “A valuable tool 
for circuit designers” (Personal Software 
Magazine 11/83). 

Regarding MICROLOGIC ... “An effi- 
cient design system that does what it is 
supposed to do at a reasonable price” 
(Byte 4/84). 


MICROCAP and MICROLOGIC are 
available for the Apple II (64k), IBM PC 
(128k), and HP-150 computers and priced 
at $475 and $450 respectively. Demo 
versions are available for $75. 

MICROCAP II is available for the 
Macintosh, IBM PC (256k), and HP-150 
systems and is priced at $895. Demo 
versions are available for $100. 

Demo prices are credited to the 
purchase price of the actual system. 


Now, to get on line, call or write today! 


Spectrum Software 


1021 S. Wolfe Road, Dept. E 
Sunnyvale, CA 94087 
(408) 738-4387 
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Microprocessor Development 
Dreams Come True! 


On-Line Help menus, 
Command Glossary, 
and Word List. 


Windows can be used 
to view source files, 
previous traces, 

and more. 


Symbol translation 
or source code 
line display. 


Screen displays scroll off 
into history buffer — 
can be viewed later. 


Pop-up Mode 
Selection panel 
called by soft key. 


Disassembly of code 

in memory can be 
compared with trace in 
adjacent window. 


Symbolic debug 
register display. 


Context sensitive 
prompt line. 


NEW UniLab II": FOUR INSTRUMENTS IN ONE! 


Here are all the development 
tools you ever dreamed of integrated 
into one PC-controlled system: 

e An Advanced 48-Channel Bus 
State Analyzer 

e An 8/16-Bit Universal Emulator 

@ A Built-In EPROM Programmer 

e@ An Input Stimulus Generator 


The synergy of these instru- 
ments that were designed together 
to work together saves you time and 
money. All UniLab II commands 
and menus are seamlessly integrated 
into a single, super-efficient working 
environment. 


An Integrated Software 
Environment, too! 


Imagine being able to split your 
screen and look at real-time program 
traces and the source code that pro- 
duced them at the same time! Then 
go to the On-Line Help or pop-up 
Mode Panels instantly. 

If you see something on a trace 
that doesn’t look like last time, you 
can hold it in one window while 
you scroll back through your pre- 
vious displays. 

If you set a breakpoint and 
single-step, you can then go back to 
using the analyzer without missing 
a beat. You can even execute a DOS 
batch file from UniLab to edit, as- 
semble, and link, then automatically 
load the new program and symbol 


ACTION COUPON 
Send me info on UniLab II and 
your No-Risk 10-Day Evaluation! 


Name: Title: table. UniLab uses the full power of 
Company: the PC, 
Address: ‘ ® 
Find bugs fast with 
State/ZIP: Hardware-assisted 


Tel.: Ext. 


UniLab Ir” EDN111386 


Universal Development Laboratory 


Debugging 

The traditional way to look for 
bugs is to single-step through sus- 
pect parts of the code until you catch 
it in the act. This requires a lot of 
guessing and wasting time. 

With UniLab’s built-in analyzer, 
you eliminate the guesswork. Just de- 
scribe the bug symptom as a trigger, 
and let the UniLab hardware search 
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702 Marshall Street 
Redwood City, California 94063 
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for it as your program runs in real 
time. UniLab will show you a trace 
of the program steps leading up to 
the symptom, almost like magic. 


A friendly user interface 

UniLab lets you use commands 
or menus — or a mixture of both. An 
on-line manual, soft-key help screens, 
a glossary of commands and their 
parameters, with full-screen writeups 
are also at the ready. 


Reconfigure for any 8 or 
16-bit processor in seconds 


Thanks to our unique approach 
to emulation, changes between pro- 
cessor types require only cable and 
diskette changes. At last count, we 
specifically support over 120 micro- 
processors. 

Bonus! The built-in EPROM 
Programmer and Stimulus Genera- 
tor are simply icing on the cake. 


Affordable capability 


How much does all this superior 
capability cost? A lot less than our 
less able competitors, and probably 
a lot less than you expect. Our pro- 
ducts are sold with a Money Back 
Guarantee, and our crack team of 
Applications Engineers is standing by 
if you need help. Get the full story 
on the amazing UniLab II and how it 
can liberate your development pro- 
jects, today. 


CALL TOLL FREE: 1-800-245-8500 
In California (415) 361-8883 
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CALENDAR 


sas Chapter Symposium and Exhi- 
bition: The Role of Modeling and 
Simulation in Command and Con- 
trol, Kansas City, MO. Rich Mullen, 
Attendance Chairman, Northrop 
Wilcox, 2001 NE 46th St, Kansas 
City, MO 64116. (816) 453-2600. De- 
cember 2 to 4. 


Real-Time Operating Systems: A 
Hands-On Workshop, Washington, 
DC. Integrated Computer Systems, 
Box 3614, Culver City, CA 90231. 
(800) 421-8166; in CA, (218) 417- 
8888. December 2 to 5. 


Electromagnetic Interference— 
Characteristics and Control, Mil- 
waukee, WI. Center for Continuing 
Engineering Education, University 
of Wisconsin-Milwaukee, 929 N 6th 
St, Milwaukee, WI 53208. (414) 224- 
3952. December 8 to 5. 


International Electron Devices 
Meeting, Los Angeles, CA. Melissa 
Widerkehr, Courtesy Associates, 
655 15th St NW, Suite 300, Wash- 
ington, DC 20005. (202) 347-5900. 
December 7 to 10. 


International Thermal Expansion 
Symposium and Exhibit, Pitts- 
burgh, PA. PS Gaal, ITES General 
Chairman, Anter Laboratories, 
1700 Universal Rd, Pittsburgh, PA 
15235. (412) 795-6410. December 8 
to 10. 


International Original Equipment 
Design Show and Integrated Man- 
ufacturing Expo, New York, NY. 
Penton Expositions, 122 E 42nd St, 
Suite 900, New York, NY 10168. 
(800) 634-4639; in NY, (212) 867- 
9191. December 9 to 11. 


Principles of RF and Microwave 
Circuit Design, Santa Clara, CA. 
Besser Associates, 3975 E Bayshore 
Rd, Palo Alto, CA 943808. (415) 969- 
3400. December 15 to 17. 
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“With all the sophis- _ 
-ticated electronics were 
putting up In space, we 
arent going to gamble 

on a power supply 


Boeing Electronics Company 
Reliability By Design 


P.O. Box 24969, M/S 9N- 42, Seattle, WA 98124-6269, (206) 657-7474. 


“By using a hybrid micro- 
oe we ot a 20-to-1 
size reduction and an 
Improvement in relia- 


lity, too.’ 
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Boeing Electronics Company 
Reliability By Design 


P.O. Box 24969, M/S 9N-42, Seattle, WA 98124-6269, (206) 657-7474. 
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A PERSONAL 
WORKSTATION 
1S THIS FAST 
PEOPLE BUY 
THEM ATA 
RECORD PACE. 


DOMAIN is a registered trademark of Apollo Computer Inc. Series 3000 and Personal Workstation are trademarks of Apollo Computer Inc., DEC isa registered 
trademark of Digital Equipment Corporation, IBM and IBM PC ATare registered trademarks of International Business Machine Corporation, UNIX is a trademark of 
AT&T Bell Laboratories, Inc., ETHERNET is a registered trademark of Xerox Corporation, Lotus and 1-2-3 are trademarks of Lotus Development Corp., MultiMate 
is a trademark of MultiMate International Corp., Microsoft Word is a trademark of Microsoft Corp. 
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thusiasts have bought them by the thousands. Making — PC coprocessor that lets ye 
the DN3000 not only the fastes ware; including Lotus 1-2- 


and UNIX “-based enginee 
Consider further that e 


larger 19" color dis- 
ce, disk options of 


itha serial/parallel 
. expect from the one 
computer company that’s always been committed to Or write Apollo, 330 Bille 
networking, new capabilities to interconnect with 01824, MS 41. In Canada call (416) 297-0700. 
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Higher frequencies. Lower power. 


CMOS PLLs with the greatest flexibility and lowest power drain 
for frequency synthesizer applications to over 1 GHz. 


It’s no secret. Motorola offers the 
industry's broadest line of CMOS Phase- 
Locked Loop Frequency Synthesizers, 
and a great variety of bipolar single and 
dual modulus prescalers to match, for 
designs to over 1 GHz. 

These Motorola ICs permit you to do 
cost-effective, reliable and flexible low 
current-drain synthesizer designs. Appli- 
cations embrace mobile, marine and 
amateur two-way radios, cellular radio- 
telephones, avionics and instrumentation 
equipment, TV/CAT'V tuners, scanners, 
sonobuoys and federal/military radios. 


A multitude of frequencies. 


Motorola PLLs can generate a multitude 
of frequencies from a single reference 
source, providing a means of tuning 
either by switch closure or in 
concert with a micropro- 
cessor. They allow you to 
produce and control an 
almost infinite number 
of frequencies with just 


one crystal. 
When these CMOS 


sizers are combined 

with a loop filter and 
VCO, they provide 

direct synthesis up to 
their specific frequency 

limits. For higher VCO 
frequencies, down mixers 
or one of Motorola’s single 
or dual modulus prescalers, 

as appropriate, are used between 

the VCO and PLL. 


Other facets of flexibility. 

All of Motorola's general purpose 
CMOS PLL frequency synthesizers give 
you the choice of on- or off-chip reference 


PLL Frequency Synthe- 


oscillator operation. Many are CMOS 
MPU/MCU-compatible. 

With the exception of the MC145159, 
which has a high gain sample and hold 
(analog) phase detector, they all provide 
digital phase/frequency detectors with 
single-ended three-state or double-ended 
outputs. 


Selected Motorola CMOS PLL 
Frequency Synthesizers 


ee 


Selected Motorola Bipolar 
Prescalers 


*Available Q1, 1987. Pin and functionally compatible with Fujitsu MB501L 


You have your choice of reference 
divider integer values, and versatile pro- 
grammable dividers also are provided. 


The blessings of CMOS. 


Our CMOS wide operating supply 
range of 3 to 9 volts and wide operating 
temperature range of -40 to +85 degrees C, 
with the inherent high noise immunity 
and low power operation, make your 
design job a lot easier. 


Keeping pace. 


The Motorola frequency synthesizer 
line is regularly revised and upgraded to 
reflect advancing technology and keep 
pace with industry needs. 

We recently introduced enhanced ver- 
sions of nine MC14514X and MC14515xX 
series devices with improved ac charac- 
teristics. 

Additional product developments now 
in progress ensure that you can count 
on continued line enhancement, higher 
levels of integration and much higher 
frequencies with low dynamic power 
consumption. 


For more information on Motorola's 
broad line of CMOS and bipolar products 
for frequency synthesizer applications 
to over 1 GHz, complete and send in the 
coupon. And, your Motorola sales office or 
authorized distrib- 


utor will be pleased 4 

to offer additional We re 
assistance in the re Our 
selection of just the : ae 
right products for CSIP MAN. 
your design. te AM. 


MOTOROLA INC. 


European Semiconductor Group 


eetaentaatentantenttr recat x texte er a etnaer erate rier hear ar 


Write To: Motorola Ltd., European Literature Centre, 88 Tanners Drive 


Name 
Title 
Company 
Address 


City 


Country 


aa 


Blakelands, Milton Keynes MK14-5BP, United Kingdom 


Please send me more information on CMOS PLL frequency synthesizers. 


300EDN111386 
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HALF-HEIGHT DIGITAL CASSETTE /G7gi= 


RELIABLE BACKUP WITH 
INTERCHANGEABLE 
MEDIA 


TEAC. 


TEAC CORPORATION: 


DATA STREAMERS: AN IDEA (oe 
WHOSE TIME HAS COME 


Every year is a vintage’ when it comes to hard disk backup. No one can © 
afford to have 50MB of data go sour. Use the TEAC MT-2ST data streamer | 
for day-to-day backup or archival storage. Data cassettes are rugged, com: © 
pact, ultrareliable, and cost-competitive. Direct reel drive enables precise : 
speed/positional control without time-consuming media preformatting. 
Store anything from a single file to entire disk image under DMA control. 
And do it in 4 minutes (20MB) or 10 (50MB). 

Full media compatibility means that complete data bases can be sent 
through the mail. D/CAS-05 (QIC-02), SCSI, or D/CAS-15 (QIC-36) inter- 
faces available. Built-in data formatter for excellent space factor. 


3-7-3 NAKA-CHO, MUSASHINO, TOKYO, JAPAN 
TEL: (0422) 53-1111 TLX: 2822451 FAX: (0422) 55-2554 


@ Hong Kong, Nissei Sangyo Co. Ltd. Hong Kong Branch tel: 3-343441-6; KARIN ELECTRONIC SUPPLIES CO.,LTD tel: 3-898252 lM Singapore, Nissei Sangyo Pte. 
Ltd. tel: 65-7372011; UAC CORPORATION tel: 7450082 &@ New Zealand, Northrop Instruments & Systems Ltd tel: 856-658 M™ Australia, Electrical Equipment Limited 
tel: 888-9000 @ Indonesia, CHUGAI BOYEKI CO. LTD. tel: 370824 M Kuwait, Bader Al Mulla & Brothers Co. W.L.L. tel: 2423250 if South Africa, SPESCOM TMS (Pty) 
Ltd. tel: 788-0530 lM United Kingdom, TEKDATA LIMITED tel: 0782 813631 i West Germany, nbn Elektronik GmbH tel: 08152/390 @ Austria, nbn Elektronik GmbH tel: 


04762/5444 lM Netherlands, SIMAC ELECTRONICS B.V. tel: 


040-582911 M@ Belgium and Luxemburg, SIMAC ELECTRONICS SPRL/PVBA tel: 02-219.24.53 il France, 


TEKELEC AIRTRONIC S.A. tel: (1) 4534-75-35 M@ Italy, A.E.S.S.E. S.p.A tel: 54.64.741-2-3 i Spain, ATAIO Instrumentos S.A. tel: 733 05 62 lM Switzerland, WENGER 
PERIPHERALS AG tel: 01/830 75 55 il Denmark, Dansk Binzer Teknik A/S tel: 03-662020 ill Sweden, MACROTEK AB tel: 08-733 02 20 li Norway, SCANTELEAS tel: (2) 
65 69 20 @ Finland, INSTRUMENTARIUM ELEKTRONIIKKA tel: 0-5281 


“If no distributor is listed above in your area, please contact us directly for further details about our products. 
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ElE PHOTOPLOTTER P30 


The leading photoplotter for PCB 
applications. 


EIE’s P30 photoplotter combines precision 
and technical quality at an unrivalled price 
performance ratio. 


Engineered to expose printed-circuit manu- 
facturing films at micron resolution, the P30 
functions on-line via a standard RS232C 
interface or off-line from magtape data. 


Intelligence, programmed into the P30’s 
microprocessor, ensures speed, flexibility 
and a wide range of automatic functions. 


And the P30’s innovative optical head and 
mechanical precision can only be Made in 
Switzerland. 


ElE, ELECTRONIC INDUSTRIAL 


EQUIPMENT SA 


P.O. Box 140 

15, rue Marziano 
CH-1211 Geneva 24 
Switzerland 


Tel: (022) 423260 
TIx: 429 484 eie ch 


CJ 


PRIX DU 
MERITE 
INDUSTRIEL 
DE LA VILLE 
DE GENEVE 


1985 
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EDITORIAL 


On-line service offers 
free product information 


EDN November 138, 1986 


EDN is proud to announce a new service for its advertisers and for 
you, its readers. Advertisers may now augment the product infor- 
mation in their conventional advertisements with on-line computer- 
resident information that you can access with your personal comput- 
er and modem. The benefit to you is fast, free access to detailed 
technical information. It’s faster than calling or sending for informa- 
tion and waiting for it to come in the mail, and you can get a greater 
amount of information (conceivably even entire spec sheets) than 
you can get from a sales engineer over the phone. The service, called 
REACT (for REader ACTion), is easy to use, too. Advertisers 
taking advantage of REACT simply list a toll-free phone number in 
their magazine ads. (See, for example, the ad for Plessey Semicon- 
ductor in this issue.) You call the number via your modem to 
retrieve the additional information they provide. 

There is, of course, no link between advertising (REACT or 
conventional) and EDN’s editorial operation or content; ads and 
articles both exist to provide you with useful information. REACT 
augments EDN’s editorial and advertising content to give you 
timely information that would otherwise be difficult to acquire. You 
ean access REACT information at night, on weekends, and on 
holidays, for example (workaholics take note); you don’t have to wait 
until regular working hours or until a sales engineer comes back 
from lunch (or vacation) to take your call. Of course, you can always 
follow up with a phone call to a company’s sales engineer if you still 
have questions. 

With EDN and REACT, you now have different types of informa- 
tion for all your different needs. Our basic package remains un- 
changed: product news, product comparisons, and perspective from 
our technical editorial staff, and how-to design-application articles 
written by practicing design engineers. REACT supplements all 
this by providing more detailed information about products than 
conventional advertisements can. If you’ve read an ad and you're 
ready for more of the “nitty gritty,” REACT may be just what you 


mr iE: 


Gary Legg 
Special Projects 


PS: Because REACT represents a new advertising medium, still in 
its formative stage, you can exert a great deal of influence over the 
kind of service it provides you. If you have comments or suggestions 
after accessing REACT, just jot them on our Reader Service card 
and send them in. We’ll pass them along to Deborah Virtue, 
Director of Marketing Communications. If you want to discuss the 
service in more detail, call Deborah at (617) 964-3030, or write to 
her at: EDN, 275 Washington St, Newton, MA 02158. 
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NEC INTRODUCES 


power consumption. These high- 


V40/V50: CMOS SYSTEMS performance CMOS circuits run on 

ON A CHIP. a mere 15% of NMOS requirements. 
Their power-down mode gives you 

The V40 and V50 are the first 

microprocessors that give you high qv agreds | Savings. 

integration in cool, low-power CMOS. Compatibility 

This powerful combination creates The V40 and V50 increase 

major system benefits. Including system performance while preserving 

lower cost, a reduced component your current software assets. They 

count, and higher reliability. run a superset of 8086 object code. 


With extra instructions for business/ 
scientific applications. And an 8080 
emulation mode. 


Replace 15-20 Components 


Your most frequently used 
peripherals are on-board the V40 


and V50. Including 4-channel DMA No Compromise 

controller, serial controller and The microprocessor is the heart 

DRAM refresh unit. By designing in of your system. It’s no place for 

the V40 or V50, you can design out 15 compromise. So if you want high 

to 20 chips. Result: major savings in integration, why buy the heat and 

design time, system cost, PC board hassle of NMOS? If you want CMOS, 

space. And a substantial boost in why settle for separate peripherals? 

reliability. Design in the V40 and V50, and get 
85% Power Savings the best of both worlds. High 


fogs ; integration plus CMOS. Exclusively 
There are other high-integration from NEC. 


microprocessors. But they’re 


implemented in hot, power-hungry .: Get The Facts 

NMOS. With the V40 or V50, you get Give us a call today at 1-800-632-3531. 

increased functionality plus lower In California: 1-800-632-3532. 
Microprocessor Design Criteria and Choices 


8088/86 80€88/80C86 80186 V40/V50 
NMOS MPU/ | CMOS MPU/ NMOS high- CMOS high- 
peripherals peripherals integration integration 


Reduce Component Cost 


Save PC Board Space 


Increase Functionality 


Reduce Power/Cooling 
Requirements 


Increase Reliability 


Shorten Design Cycle 


©Copyright 1985 by NEC Electronics Inc. 


WE'RE TAKING ON THE FUTURE 


401 Ellis Street 
P.O. Box 7241 
CIRCLE NO 58 Mountain View; CA 94039 


ee i hybrids. 
a you better opis 


To test todays hottest devices, 
you need today’s hottest testers. 
| Sentry testers keep pace with 
the faster data rates and complex 
vectors of SRAMs and ASICs Becanne 
they're cut from the same cloth. 
| For example, our S15, S50 
and S90 all use 100K ECL gate | 
arrays, SMDs and high- performa 


nce 
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connect paths so short as to virtually 
eliminate room forerror 
Resulting in the tightest guard 


bands this side of the Marine Corps 


drill team. 

In systems sO o sophisticated, 
they can monitor themselves. And 
calibrate their own test heads, 
keeping voltage and timing con- 
Soe for every pin, every time. 

lt al ea sieeicees like a huge — 
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FROM EARTH 


Voyager 2 is on a mission to explore the outer solar system, 
with the help of RCA High-Rel devices. 


On August 20, 1977, Voyager 2 set off on photos of that hitherto unexplored planet. 
one of NASA’s most ambitious journeys. Its Now Voyager is hurtling towards its next 
goal was to explore Jupiter, Saturn andthen the scheduled rendezvous—with Neptune, nearly 
limits of the solar system, sending back infor- 2.7 billion miles from home. After that, this 
mation along the way. extension of our civilization will head for the 
Earlier this year, the satellite passedamile- | edge of the solar system. 
stone when it flew within 50,600 miles of Uranus, We're aboard for the duration. 


sending back extremely high-resolution We're proud that High-Rel CMOS 4000 


TO ETERNITY. 


Series logic and RAMS from RCA are helping 
to make this historic voyage possible. And we 
are confident that the unsurpassed reliability of 
RCA High-Rel integrated circuits will help to 
keep Voyager on course for years to come. 

A leader in High-Rel. 

RCA pioneered two of the leading technolo- 
gies used for aerospace systems: radiation- 
hardened CMOS and CMOS on sapphire 
(SOS). And RCA was the first supplier to be 
qualified to MIL-M-38510 Class A. 
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Today, we offer the industry's broad 
selection of high-speed CMOS Logic full 
compliant to MIL 883 Rev C, plus a wide sele 
tion of RAMS, ROMS, processors, gate arrays 
and standard cell ASICs in CMOS and 
CMOS/SOS screened to Class S and Class B. 

If you'd like to know more about our High- 
Rel devices for military and aerospace applica- 
tions, contact your RCA sales office or distribu- 
tor. Or write: RCA Solid State, Box 2900, 


Somerville, NJ 08876. 


Finally, full-function CAE for your 
standard IBM PC. 


For a long time, full-function CAE and a standard 
IBM PC couldn't be mentioned together in the same 
breath. The Cadnetix PC System has changed all that. 

Finally, an experienced CAE vendor has outfitted an 
unmodified IBM PC/AT™ or XT™ with the same excellent 
hierarchical schematic capture tools included on our 
high-end workstations. We’ve given you immediate access 
to real CAE component and semicustom libraries via 
Ethernet” And, we’ve made your PC a ‘“‘window on the 
network,’ linking it to powerful Cadnetix engines for 
simulation, physical modeling and physical layout. All this 
without expensive alterations or add-on hardware. 
The Cadnetix PC System is a complete CAE resource 
that hasn’t been converted into a high-cost hybrid. 


The super-computer power of Cadnetix 
Engines, directly available to your PC’s. 


With Cadnetix, your IBM PC becomes much 


You'll develop designs on the PC, then compile and 
analyze them on high-performance engines tailored for 
accelerated compilation, simulation, physical modeling 
more than a normal entry-level CAE workstation. For and database management. And Cadnetix has integrated all 
fast analysis of your largest designs, Cadnetix gives you of these functions into a single network resource featur- 
direct access from your PC to our full line of CAE Engines. ing both a RISC processor and a bit-slice processor to 
accelerate various applications tasks. 

Our Analysis Engine is a versatile processing node 
offering you the choice of configurations you need for 
your design analysis environment. With up to 280 Mb of 
disk, mass storage for database management is essen- 
tially unlimited. Options include: 
¢ — Bit-Slice Engine with Simulation: This bit-slice 
application-specific accelerator speeds through 
logic simulations at 200,000 evaluations per 
second — 200 times faster than typical work- 
Stations. Worst-case analysis tools are standard. 
GP Engine: A general purpose engine providing 
accelerated compilation and SPICE. Based on 
a RISC architecture chip set, it has an effective 
operating rate of 10 million instructions per 
second. In addition, a compiler and debugger 
tool set allow you to accelerate ‘C’ programs 
which you develop. 

e Physical Modeling Engine: This engine simulates 
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introduces _ 
AE workstation. 


VLSI chips at vector rates of up to 16 MHz and 
accommodates devices with up to 364 inputs and 
384 outputs. Vector storage of 512K x 91 bits 
provides for longer simulations and simultaneous 
analysis of up to 30 devices. 

Powerful Cadnetix engines complement PC capabili- 
ties, achieving top efficiency in compute-intensive design 
tasks while supporting lowest-cost per engineer for 
routine access. 


Now your PC has the capability of an 
entire design network. 


The Cadnetix PC System is not just another PC 
software package. It is your window to complete, sup- 
ported solutions for electronic systems design. 

The NFS* protocol, a powerful networking stan- 
dard, provides immediate and transparent remote 
file access to our full range of design tools: PC’s for 
engineering design, high-performance workstations 


for advanced design tasks, high-capacity file servers 
for mass storage, engines for applications demanding 
peak power. 

Cadnetix protects your investment with the most 
comprehensive set of data access standards available. With 
UNIX™ and EDIE your data is always accessible. And with 
remote login capability, you can access any UNIX node 
on your network through the UNIX window on your PC. 

Cadnetix has established the standard for ease of 

use with its industry-leading object-oriented user inter- 
face. Cadnetix has brought this interface to the IBM PC, 
giving you the shortest possible learning curve and 
eliminating a significant hidden cost of other systems. 

Find out about the Cadnetix PC System. Discover 
the unlimited design potential of your PC. 


O 


CADNETIX 
Solutions for system design. 


Cadnetix Corporation, 5757 Central Ave., 
Boulder, CO 80301 (303) 444-8075 


IBM PC/AT and IBM PC/XT are trademarks of IBM Corporation. Ethernet is a trademark of Xerox Corporation. 
NFS is a registered trademark of Sun Microsystems, Inc. UNIX is a trademark of AT&T Bell Laboratories, Inc. 
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HYBRICON MAKES THE MOST... AND THE BEST 


PACKAGING/INTERCONNECTION 


PRODUCTS FOR 


VM E /eurocarp 


H ybricon, with more experience than any other company in 
designing, developing and building VME packaging hard- 
ware, Offers the industry's widest range of both custom and 
standard VMEbus-configured products .. . all in full production 
and field-proven. 


This VME system has clearly benefited from Hybricon’s con- 
siderable experience in packaging and interconnection. 
Components were designed from scratch ... not adapted 
from other bus products .. . to best serve VME's unique require- 
ments. Interface flexibility and customer convenience are out- 
Standing, and construction is much more rugged than com- 
petitive offerings. It'S no wonder that Hybricon VMEbus pack- 
aging and interconnection hardware is used on more systems 
than anyone else’. 


In volume production, the best cost/value relationship can 
often be achieved with a custom design .. . and a significant 
Share of Hybricon’s VME business is in custom products. When 
doing a custom design, Hybricon can draw on an automated 
database covering over ninety standard VME models... . 
Speeding the process, saving cost, and greatly reducing the 
amount of debugging needed. 


“EXTRA VALUE DESIGN” 


Hybricon’s “Extra Value Design” program ensures that indus- 
try performance and construction norms are exceeded ... and 
that extra features and flexibility will make life easier for the 
equipment designer. The benefits are evident throughout this 
VMEbus product system... multilayer backplanes with full 
ground and power planes — factory assembled backplane/ 
card cage combinations in rack, case, drawer and custom 
mountings — high frequency wire wrappable socket boards 
with patented VHF design — extensive connector and terminal 
options — and much, much more. 


Card Cage Assemblies 


Fourteen Backplane/ 


J1 in 19” rack 
mountable cage 
6:90. 41, TZ, 15, 36, 
20, 21 slots 


J1 in optional Mise 
4,5, 6,9, 10 slots Z 


Nine 19” Rack 
Mountable Card Cages 
* 21-slot 400mm x 6U,9U 
21-slot 140mm x 3U, 6U, 9U 

21-slot 220mm x 6U, 9U 
21-slot 280mm x 9U 
10-slot 160mm x 6U 


Six 160mm Optional Mount Card Cages 
4,5, 6, 92 10. 12 Siok 


Eleven J1 Backplanes 
45.6/9 AQ N12, 15,16; 20: 21 silos 


Eight J2 32-bit Expansion Backplanes 
45,0; 3 AZ; 16; 20, 21 slots 


Four J2 VMX Expansion Backplanes 
3, 4,5, 6 Slots 


Six Test Extender Cards 
for: J1, 160mm 
J1, 220mm 
J2, 160mm 
J2, 220mm 
J1/J2 contiguous, 160mm 
J1/J2 contiguous, 220mm 


Three Lateral Interconnect Boards 


for: Jl toJ1 
J2 32-bit to J2 32-bit 
J2VMX to J2VVMX 


Thirty-two Wire Wrappable Socket Boards 


four UHD 220mm x 6U 
four 220mm x9U 

four 280mm x 6U 

four PGA280mm x 6U 


four 160mm x 3U 

four 160mm x 6U 

four UHD 160mm x 6U 
four PGA 160mm x 6U 


Ask for the 
Hybricon Bus Manual... 
Defining all of the 
popular configurations. 


No other company in the world makes as many packaging/interconnection products for microcomputer compatible systems 


Hybricon Corporation 410 Great Road, Littleton, Massachusetts (617) 486-0311 TWX 710-347-0654 
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TECHNOLOGY UPDATE 


Behavioral models and hardware modelers 
simulate pc boards containing VLSI devices 


Eva Freeman, Associate Editor 


Two CAE tools—behavioral models 
and hardware modelers—let you 
simulate pe boards that contain 
VLSI devices. Until recently, simu- 
lation of such boards has been near- 
ly impossible: Gate-level models of 
VLSI devices just don’t exist, and 
few behavioral models and hard- 
ware modelers were available that 
could handle the task. In the last 
year, however, more CAE compa- 
nies have introduced hardware mod- 
elers, and a number of specialty 
firms have developed behavioral 
models for VLSI devices. 

Both these CAE tools create soft- 
ware models that mimic the behav- 
ior of pc boards containing a number 
of devices. Both methods simulate 
logic faster than a gate-level simula- 
tion does, and they enable you to 
model chips, such as VLSI devices, 
for which gate-level models are un- 
available. 

Behavioral models use high-level 
languages to describe the function 
of VLSI components. A behavioral 
model is basically a black box: You 
enter stimulus vectors into a behav- 
ioral model, and the correct output 
signals come out. This approach 
makes a lot of sense—you don’t, 
after all, need to verify the compo- 
ments in your design; you need to 
verify your use of those compo- 
nents. Therefore, a simulation 
model need only produce the same 
response to an input that the actual 
device would produce. 

A good behavioral model offers 
more than just the output wave- 
forms. Using Quadtree’s behavioral 
models, for example, you can probe 
the contents of a 68010 wP’s 
registers. 

Unlike behavioral models, which 
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Fig 1—With its 16-MHz clock speed, Mentor’s HML hardware modeler can link such 32-bit 


microprocessors as the 80386 and the 68020 into a system simulation. 


provide a software-only approach to 
simulation, hardware modelers plug 
the actual VLSI components into 
simulations. Hardware modelers, 
like the one shown in Fig 1, apply 
stimulus vectors to an IC and collect 
the IC’s response in sample-and- 
hold circuits. To use a hardware 
modeler, you must supply your sim- 
ulation with a software shell that 
specifies the timing behavior of the 
IC being simulated. You can obtain 
timing shells for most VLSI ICs 
from hardware-modeler vendors. 
Because a behavioral model costs 
much less than a hardware modeler, 
you can keep costs down by using 
behavioral models exclusively, as 
long as you can find behavioral mod- 
els for all of the devices you'll be 


using. For example, Logic Automa- 
tion’s 24-part behavioral model of 
Advanced Micro Devices’ (Sunny- 
vale, CA) 29800 bit-slice w~P support 
package costs $1250. This behavior- 
al model runs on Daisy and Mentor 
CAE workstations. In contrast, a 
fully configured version of a hard- 
ware modeler costs about $70,000. 
What’s more, you pay an additional 
amount for device-timing shells. 
The Smartmodels behavioral- 
model library from Logic Automa- 
tion includes static and dynamic 
RAMs, PROMs, and EPROMs. The 
company features memory and wP- 
support devices, such as interrupt 
controllers and DMA controllers; 
AMD 29300 support chips; parallel 
multipliers; PLDs; LSI and MSI 


65 


TECHNOLOGY UPDATE 


TTL devices; and VHSICs (very- 
high-speed ICs). Typical model 
prices range from $400 for a static 
RAM to $1800 for a multiplier and 
ALU. 

Quadtree’s Designer’s Choice be- 
havioral models simulate Motorola’s 
68000 and 68010 wPs (and support 
chips), AMD’s 2900 bit-slice wP fam- 
ily, and Weitek’s WTL2264 floating- 
point chip set. The models run on 
logic simulators from Daisy, HHB 
Systems, and HHB’s alternate 
sources—F utureNet (Chatsworth, 
CA), P-CAD (San Jose, CA), and 
Cadnetix—as well as on ones from 
Mentor, Silvar-Lisco (Menlo Park, 
CA), and Valid. On a 32-bit worksta- 
tion, the models cost $1000 to $5000. 

Although Quadtree and Logic Au- 
tomation are the two main sources 
of behavioral models, other compa- 
nies, including Gateway and Men- 
tor, do provide some models. Gate- 
way, for instance, is introducing 
behavioral models of the 68000, 
68010, and 68020 wPs. However, the 
company basically supplies only 
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those models that are unavailable 
from other sources. If another ven- 
dor can supply a behavioral model 
for a particular device, Gateway will 
use that model in its Verilog 
simulator. 

Mentor leaves behavioral model- 
ing of VLSI components to other 
companies, but it does provide be- 
havioral models of SSI and MSI 
parts. These models, called Quick- 
Parts, cut simulation times by about 
a factor of four and condense files by 
about a factor of 10. ALUs, compa- 
rators, shift registers, and counters 
typify the elements of the Quick- 
Parts library. 

Until recently, behavioral models 
existed only for digital devices. 
However, two analog behavioral- 
modeling packages have been intro- 
duced this month: a package from 
Analogy and one from Sierra Semi- 
conductor. The box “Behavioral 
models accelerate analog simula- 
tions” describes these packages. 

Behavioral-modeling software 
packages also aid in design debug- 


n alog sidudations 


ging; their debugging tools find er- 
rors in simulations. For example, a 
behavioral model can identify tim- 
ing errors and setup-and-hold viola- 
tions. When a behavioral model 
spots a usage error, it reports the 
location, time, and type of the mis- 
take. 

Most behavioral models, such as 
the ones from Quadtree, are full- 
function models; they let you look 
inside a VLSI component. You can 
probe registers and even change 
their contents. Sometimes you can 
even substitute a behavioral model 
for a software-development system 
and use the behavioral model to 
develop code for a pP-based system. 

If, instead of writing code, you’re 
developing hardware, you can accel- 
erate your simulations by using bus- 
function behavioral models. At 
present, only Logic Automation 
supplies bus function models. Un- 
like a full-function model, which em- 
ulates the execution of assembly- 
language instructions, a_ bus- 
function model simulates only 


ASIC designer. The models debe the andes 
cells in the company’s standard-cell library. hese” 
cells include A/D and D/A converters, comparators, 7 ] 
amplifiers, analog switches, analog multiplexers, — 
oscillators, and current sources. The company al- 
ready offers a set of behavioral models of its digital — 
and elec trically erasable standard cells, so youcan — 
combine analog and digital models for your — 
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analog behavioral-model library includes ees 7 
models of functions that connect. toachip but are 
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the bus cycles of a wP. Simple pro- 
cessor commands control the model, 
letting you set up simulations that 
run under the control of your pP 
without any assembly-language 
coding, debugging, or loading. 


Accurate simulations 


All behavioral models let you sim- 
ulate VLSI components exactly. In 
contrast, the operating frequency of 
a hardware modeler limits the accu- 
racy of a simulation. If an output 
transition occurs near a clock transi- 
tion of the hardware modeler, you 
will detect the output transition 
later than you should. If your signal 
has a second transition before the 
first transition is detected, you 
might even miss a transition com- 
pletely. 

Because a behavioral model uses 
an exact timing model, its simula- 
tions are exact. You never miss an 
event. For VHSIC designs, absolute 
accuracy is essential, of course, so 
you must have a behavioral model 
for these ICs. But even designs that 
use such components as 16- or 
25-MHz 68020s test the limits of 
hardware modelers. 

Behavioral models don’t just sim- 
ulate fast devices, they also simulate 
devices fast. In contrast, hardware 
modelers often limit the speed of a 
simulation, even though they can 
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Two independently programmable 16-MHz 
clocks enable Teradyne’s DataSource hard- 
ware modeler to identify rising and falling 
clock edges within a single clock cycle. 


capture output waveforms from a 
VLSI device in less than a simula- 
tion cycle. For example, to simulate 
an IC that includes a dynamic mem- 
ory, a hardware modeler must 
resimulate all the simulation events 
that have occurred up to the current 
simulation step. If you’re running a 
long simulation, the hardware mod- 
eler can become the rate-limiting 
factor in your simulation run. 
Sharing of hardware modelers 
can also limit simulation speeds. A 


fully configured hardware modeler 
costs about $70,000, so engineers 
who use them will probably have to 
run their simulations in parallel 
with those of other engineers. If too 
many designers call on a hardware 
modeler at a time, everyone’s simu- 
lations will run slowly. 

Although the low cost of behav- 
ioral models is a considerable advan- 
tage, these software tools do have a 
major drawback: You can use behav- 
ioral models only if you can find one 
for every device you need to test. 

Behavioral models don’t exist for 
many devices: Because it’s time-con- 
suming to write behavioral models, 
vendors can afford to develop them 
only for popular ICs. If you need to 
simulate even one device that no one 
has modeled, you must purchase a 
hardware modeler. Similarly, if you 
want to test the interface between 
an ASIC and a circuit that uses the 
ASIC, you must use a hardware 
modeler. 

Furthermore, although only two 
small companies sell a significant 
number of behavioral models, hard- 
ware modelers are available from all 
the major CAE-system and logic- 
simulator companies. In fact, for 
many applications, hardware model- 
ers are superior to behavioral mod- 
els. For one thing, the more-expen- 
sive hardware modelers provide 
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o, Is There a Real ASIC 
Setup in the Picture? 


econd Source 


(Hint: Raytheon’s RL7000 and LSI Logic’s LL7000 are like . . .) 


There’s been a lot of wishful thinking 
about an active, genuine, semi-custom 
logic array second source. For very 
good reasons, but without a very 
good solution. Now, the right people, 
technology, and systems have been 
brought together. Raytheon and LSI 
Logic. It’s happening. 


C1) Complete and identical: Long term 
maintenance and bilateral updates of 
well-known LDS™ front and back 
end software. The same methodology. 
The same libraries, logic design, 
physical design, testing. Identical. 


LL7000 and LDS are trademarks of LSI Logic Corp. 
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O The Right Product: According to 
the marketplace, 7000 Series is the 
leading choice in 2-micron HCMOS 
logic. Now, with a full-on second 
source, 7000 Series is the ASIC 
standard. 


0 It’s Happening: Raytheon has over 
ten years of logic array experience. 
LSI Logic has over five. Real time, in 
the market, with real products. 


0 Now: You ought to can the apples 


and oranges routine. Call Raytheon 
for a real ASIC matchup. 


CIRCLE NO 63 


Raytheon Company 
Semiconductor Division 

350 Ellis Street 

Mountain View, CA 94039-7016 
(415) 966-7716 


Access to the right technology 
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In this simulation of an IDT7202 FIFO memory, Logic Automation’s Smartmodel behavior- 
al model has found two errors: A write pulse has arrived before reset, and a signal pulse is too 


narrow. 


more versatility than behavioral 
models do: You can use hardware 
modelers to simulate any chip, in- 
cluding ASICs, for instance. 

Once you own a hardware model- 
er, you need to compare only the 
additional cost of a timing shell for a 
particular part with the cost of the 


corresponding behavioral model for 
that device. Timing shells cost 
somewhat less than do behavioral 
models. For example, a timing shell 
for a microprocessor costs about 
$2000; a behavioral model for the 
same chip might run about $3500. 
Further, recent product introduc- 


tions by manufacturers of hardware 
modelers are solving some of the 
problems associated with these sys- 
tems. New hardware modelers fea- 
ture faster operating speeds, great- 
er memory depths, and easier 
access than earlier models. 


High-speed hardware modelers 


The first hardware modeler (the 
original version of Valid’s RealChip) 
featured a 3-MHz internal clock. By 
now, all hardware modelers operate 
at frequencies of at least 8 MHz, 
which is fast enough for most de- 
vices. Valid’s RealChip hardware 
modeler now runs at a frequency of 
16 MHz. Further increasing simula- 
tion speeds, the company’s Real- 
Model product combines RealChip 
with a hardware accelerator for 
logic simulation. 

You can interface either RealChip 
or RealModel to Valid’s own work- 
stations or to DEC MicroVAX work- 
stations that run Valid’s CAE soft- 
ware. The MicroVA X-compatible 
version of RealChip costs $39,500; 
the MicroVAX II-compatible version 
costs $95,500. These prices are for 
the base models. If you’re going to 
simulate several ICs in parallel, you 
must purchase extra master and 
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For more information. . . 


For more information on the VLSI-modeling packages described in this article, circle the appropriate numbers on 
the Information Retrieval Service card or contact the following manufacturers directly. 


Analogy Inc 

8605 SW Creekside Pl 
Beaverton, OR 97005 
(503) 626-9700 

Circle No 688 


Box 573 


(617) 692-9400 
Circle No 692 
Cadnetix Corp GenRad Inc 
5757 Central Ave 
Boulder, CO 80301 
(303) 444-8075 
Circle No 689 


(408) 946-6960 
Circle No 693 


Calma Co 

501 Sycamore Dr 
Milpitas, CA 95035 
(408) 434-4000 
Circle No 690 


HHB Systems 
1000 Wyckoff Ave 


(201) 848-8000 
Circle No 694 


Daisy Systems Corp 

700 Middlefield Rd 
Mountain View, CA 94039 
(415) 960-0123 

Circle No 691 


70 


Gateway Design Automation Corp 


Westford, MA 01886 


510 Cottonwood Dr 
Milpitas, CA 95051 


Mahwah, NJ 07430 


Logic Automation Inc 
19545 NW Von Neumann Dr 
Beaverton, OR 97005 

(503) 690-6900 

Circle No 695 


Mentor Graphics Corp 
8500 SW Creekside Pl 
Beaverton, OR 97005 
(503) 626-7000 

Circle No 696 


Quadtree Software Corp 
1170 Rte 22 E 
Bridgewater, NJ 08807 
(201) 725-2272 

Circle No 697 


Sierra Semiconductor Corp 
2075 N Capitor Ave 

San Jose, CA 95132 

(408) 263-9300 

Circle No 698 


Teradyne Inc 
321 Harrison Ave 
Boston, MA 02118 
(617) 482-2700 
Circle No 699 


Valid Logic Systems Inc 
2820 Orchard Parkway 
San Jose, CA 95134 

(408) 945-9400 

Circle No 700 
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IBM-PC based 


microcomputer 
development tools! 


no <4 > >) yes 


{ 68663 | R4, DoLoop 
61 RS-68 P1-87 CO-87E7 P Fi 
21 R681 P2-FF Ci-FDFE ac: 


( 864F } MF lag, VaiMa 


(8051 debug/simulator shown) 


Your IBM PC can Assemble, debug 
and program (EPROM) code 

for these popular 
microcomputers: 


Step 
your 
code, 
watch 
registers 

& memory 
change, 
interrupts 
occur, stack 
push & pop. 
Flowgraph 
auto-documents code! 
You set breakpoints & 
register traps, count 
machine cycles, and 
scan source code and 
symbols. Single-key 
commands prompt for 
arguments if needed. 
Have more fun and get 
more done! 


8808 pue 
9608 3}da0xa 


debug demo diskette 
and manual only $39.50 


Cybernetic Micro Systems 


P.O. Box 3000 
San Gregorio, CA 94074 U.S.A. 


(415) 726-3000 ¢ Telex 171135 Attn: Cyber 
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You can set breakpoints, modify register contents, and step through a simulation by using 
Quadtree’s behavioral model of a 68010 microprocessor. 


slave boards. 

Even faster than RealChip’s sam- 
pling rate is the rate you can obtain 
from Daisy’s PMX FastBoard, 
which has a 25-MHz clock. Using 
this system, you can apply stimulus 
vectors at frequencies from 200 kHz 
to 25 MHz. The $15,000 PMX Fast- 
Board is an add-on to the company’s 
PMX hardware modeler. The base 
price of PMX is also $15,000, but 
you'll need to add master ($8000) 
and slave ($1000) control cards to 
the system. 

Cadnetix, which sells HHB’s 
Cadat logic simulator, developed its 
own hardware modeler, the CDX- 
7900, to obtain greater operating 
speed than was available from 
HHB’s 8-MHz Dynamic Hardware 
Modeler (DHM). The CDX-7900 fea- 
tures a 16-MHz internal clock rate; 
what’s more, the CDX-7900 inter- 
faces to a hardware accelerator for 
logic simulation and to a parallel- 
processing computer for general- 
purpose CAE applications. 

Calma does sell HHB’s hardware 
modeler, but it interfaces the prod- 
uct to its own Texsim/B logic simula- 
tor. Using the Calma Hardware 
Modeler, you can combine gate-level 


models, hardware models, and mod- 
els that you write in the TDL/B 
behavioral-modeling language. A 
typical configuration of the hard- 
ware modeler costs $80,000; it in- 
cludes an 85M-byte hard disk and 
512,000 test vectors per pin. 

Tektronix CAE Systems (Santa 
Clara, CA) integrates GenRad’s 
HiChip hardware modeler in its 
CAE package, which also includes 
GenRad’s Hilo-3 logic simulator. 
Other CAE vendors incorporate 
HHB’s Cadat and DHM in their 
packages. For example, Case Tech- 
nology (Menlo Park, CA), Future- 
Net, and Racal-Redac (Westford, 
MA) provide both of these tools in 
the Visula CAE system. In a typical 
configuration, the hardware model- 
er costs $65,000; it can evaluate as 
many as 60 ICs simultaneously. 

If you already own a CAE system, 
you'll most likely choose the hard- 
ware modeler that fits your system. 
For instance, if you already own a 
CAE system that uses Hilo-3, you'll 
want to choose the HiChip modeler. 

Your choice of hardware modeler 
can also depend on which tester you 
choose. The newest vendor in the 
hardware-modeler market, Tera- 
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The Strongest CASE 
For ASIC Design. 
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Ic Design Capture and Verification 
CASE Technology's Vanguard CAE Design 


tem includes schematic capture and logic simu- __ 


ti for integrated circuit design. 


The system possesses the most pueda 
7 atic design tools available. And, forIC _ 
ition, Vanguard provides both the CADAT 


OS logic simulation programs. The entire 


ystem operates on standard IBM PC/XTIATS, 
TOVAX W nseinone and VAX ae 


a autenniiaieninaanenal ii 


ey 
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The schematic design system supports an 
intelligent user interface, interactive speed and 
complete system configurability. The system also 
supports the complete SCALD (Structured Com- 
puter-Aided Logic Design) hierarchical design 
concepts. The advanced SCALD methodologies 


_ provide the IC designer with capabilities to design 


silicon faster. 
The Sed CAE System is ee 


ing LSI Logic, Thomsen/Mosiek, Zymos, Micro- 


Linear and ee Semiconductor 
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‘Thec. CAE Price/Performance Leader 


_ With more than 2000 installed systems, 
CASE Technology has developed a solid reputation 


asa premier supplier of professional CAE so) 


tools. If you haven't seen what CASE has to 


offer, then now is the time. 


CASE Technology, Inc., 633 Menlo 


Avenue, Menlo Park, CA 94025. Phone: 


supported by several major silicon vendors, includ- ve ee a | 
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dyne, notes that you can link its 
Lasar-6 logic simulator, its Data- 
Source hardware modeler, and its 
test equipment. By combining these 
systems, you can create and verify 
simulation vectors and then load the 
vectors directly into your test equip- 
ment. 

DataSource places a parallel bus 
interface between the hardware 
modeler and a VAX host. This inter- 
face transfers simulation results 
faster than the usual Ethernet link 
does. For single simulations, the 
speed of Ethernet is generally ade- 
quate, but in the more-common 
shared configuration, data must 
move rapidly between your simula- 
tor and your hardware accelerator. 

Using DataSource, you can per- 
form fault simulation as well as logic 
simulation. The hardware accelera- 
tor also lets you simulate unknown 
states, in addition to the usual 0, 1, 
and 3-state conditions. Prices for 
DataSource range from $40,000 to 


$120,000, depending on pin capaci- 
ty. Software timing shells for such 
devices as microprocessors cost 
$2000 each. 

If you purchase VLSI behavioral 
models at this early stage in their 
development, you should be aware 
of the possibility that a particular 
company will stop producing these 
models. At present, only two small 
companies produce a significant 
number of behavioral models. 

After all, behavioral-model librar- 
les are difficult to maintain: The 
models are more complex than tim- 
ing shells, and even maintaining a 
library of timing shells requires a 
sizable commitment by a CAE com- 
pany. Tektronix CAE Systems, for 
instance, which used to make a pro- 
prietary hardware modeler, now in- 
corporates GenRad’s hardware mod- 
eler in its CAE package. The 
company stopped making its own 
modeler when it found that main- 
taining a library of timing shells 


consumed more manpower than it 
wanted to commit. 

Whether you choose behavioral 
models or a hardware modeler, 
therefore, make sure that your ven- 
dor intends to maintain its software. 
You'll want to choose a company 
that will update its behavioral mod- 
els or timing shells when the devices 
are updated, for instance. 

In the near future, behavioral- 
model libraries may grow extensive 
enough to let you simulate most 
systems. Even if the behavioral 
models fail to replace hardware 
modelers, though, their low cost 
will undoubtedly provoke the usual 
free-market result—prices for hard- 
ware modelers will come down in 
the next couple of years. EDN 
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Introducing STD Multi-DOS.” 
Now you can get the real-time response 
of VRTX® plus the support services of 
PC-DOS™ Together in a co-resident opera- 


ting system: STD Multi-DOS™ from Ziatech. 


For applications such as industrial 
automation, instrument control, data 
acquisition and robotics, STD Multi-DOS 
now offers a synergistic alternative. 


With VRTX you have real-time control 
of physical processes. And with PC-DOS, 
a gateway to file management functions 


and the key to the world of PC™ software. 


Which means now-from a real-time 
world—you can access devices such 

as disks, printers, and even network 
links, without re-inventing the program- 
ming wheel. 


ZIATECH CONTROL: 


Speaks VRTX like a native! 
VRTX-—the Versatile Real-Time Executive 
—responds instantly with up to 256 differ- 
ent tasks, as though they were happening 
simultaneously. And because PC-DOS 
is used only as a background resource, 
it doesn't impose any additional over- 
head on VRTX. So the real-time kernel 
operates just as efficiently as it would 


EDN is the number one source of hands-on technology 

for electronic engineers. It reaches more qualified 
engineers and engineering managers with more buying 
power in more large plants than any other publication. 

And it’s won 70% of all readership/reader preference 
studies conducted since 1978. 

More advertisers rely on EDN. Because more engineers do. 


EDN 
First in Readership among Design Engineers and 
Engineering Managers in Electronics 


CAHNERS PUBLISHING COMPANY 

Publishers of 33 specialized business magazines in Building & 
Construction = Electronics & Computers m Foodservice m Manufacturing 
mw Medical/Health Care 


FERRUARY 21, 1985 


A CAHINERS PUBLICATION 


fiber-optic compo : 
Hands sds-on chip design 


Cahners Building, 275 Washington Street, Newton, MA02158 617/964-3030 


in native mode, interleaving tasks accord- — sophisticated STD bus applications that 


ing to user-assigned priorities. much faster. Or, you can access thou- 
Familiarity breeds applications. sands of existing PC software packages 
If youre an OEM or systems integrator from your own real-time environment. 
who's already familiar with PC-DOS Call or write Ziatech today. 
you'll feel right at home with STD Multi- Get all the facts fast so you no longer 
DOS. And with our complete develop- have to make a choice between real-time 


ment tools and the real-time debugging and the PC-DOS worlds. You can have 
help of TRACER™ you'll be able to create the best of both! Call (805) 541-0488 


PC-DOS 


for more information and your nearest 
Ziatech representative. 
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3433 Roberto Court,San Luis Obispo,CA 93401 
Telex: 4992316 


VRTX® and TRACER are a registered trademark and trademark of Hunter and 
Ready, Inc., respectively. Multi-DOS™ is a trademark of Ziatech Corporation 


"available December, 1986 


The speed and power specs at the 
left are an indication of the high perfor- 
mance and low power you get with our 
CMOS PROM and PLD parts. 

Now consider reprogrammability. 

In engineering, it means you can try 
out ideas without blowing an expensive 
part with every iteration. And without 
worrying about using up your last part. 

In production, it often is more eco- 
nomical to stock reprogrammable 
parts—even at a slightly higher unit 
cost—and program on demand. (For 
volume production, parts are available 
in low-cost plastic packaging.) 

Try our windowed parts yourself, and 
see just how the ability to change your 
mind with impunity can take headaches 
out of design and production. 


New: Turn your PC into a foundry with 
our $995 QuickPro™ programmer card. 


Program ALL Cypress 
Semiconductor PLD and 
PROM parts with this flexi- 
ble, handy system. It works 
with your favorite program- 
ming software (like ABEL,” 
CUPL,™ or PALASM™) 
= Youwill find that Quick- 
s Pro in your IBM® PC® or 
compatible gives you the 
easiest, cheapest solution 
for a quality programmer 
in every design lab, so you 
can take advantage of all these new 
programmable parts. 
All our parts work with industry 
standard programming tools, too. 
Now, consider the rest of our MIPS 
CHIPS family: 


CMOS High Speed Logic Family 


In addition to the world’s 
fastest 16-bit slice (30ns) and 
our 4-bit slice (23ns) 
microprocessors, we offer 
the world’s fastest 
12-bit controllers, fast 


ae 
all 
y Cl 


sequencers, 16 x 16 multipliers and 
multiplier/accumulators, plus many 
more high-speed CMOS circuits. Also, 
the fastest 64 x 4-bit and 64 x 5-bit cas- 
cadeable FIFOs (25 MHz commercial 
AND military performance). All very 
low power. 


CMOS High Speed SRAM Family 


Featuring the fastest (15ns) 4K Static 
TTL-compatible RAMs you can buy, fab- 
ricated in our 0.8 micron CMOS pro- 
cess. Plus a variety of 15ns, 25ns, 35ns, 
and 45ns parts, too. Nibble-wide, bit- 
wide, byte-wide, ranging from 64-bits 
through 64K-bits. Low active power. Low 
standby power —many parts include 
auto-power-down when deselected. 


CMOS High Speed PROM Family 


Surpassing bipolar with fast regis- 
tered PROMs at 2 bipolar power, or less. 
Parts feature speeds to 25ns set-up, 
12ns clock-to-output. Byte-wide family 
available in 4K, 8K, 16K, 64K and 64K 
diagnostic densities. Also 64K Power 
Down (Is3=30 mA), 8K, 16K, 64K non- 
registered available. 100% testing of data 
bits before packaging means optimum 
programming yields. 


CMOS High Speed PLD Family 


Featuring 25ns HALF-power 90 mA 
windowed 22V10 EPLD —the new high- 
speed re-programmable PLD standard. 
Also, quarter-power 45 mA PAL C 20 
parts, and the 55 mA 20G10 Generic 24- 
pin PLD—both available at 25ns speeds 

and with windows. Military: 20ns, 
70 mA PAL C 20, and 25ns, 
120 mA PAL 22V10 also 
available. All cells 
100% func- 
tionally tested. 


Free QuickPro 


CYPRESS 
EMICONDUCTOR 


Uncompromised VLSI Testing 


cut approach others offer which compromises Megat | eet all your VLSI tes 
test quality. It delivers the fastest, most  ~—“ Contact us for our white paper ‘‘Vi 


ie 

accurate edges for all formats (not just a few). ‘Testing i is No Place for Compromise. ”’ 
And the new ACPMU offers 3 picosecond Megatest Corporation, c/o Marketing, 
precision. The MegaOne has up to 256 1321 Ridder Park Drive, San Jose, CA, 
channels with full Tester-Per-Pin resources. 95131. (408) 971-TEST. 
Each operating without restriction at 40 or 80 The MegaOne and only. 
MHz with timing on-the-fly, a million vectors 
and 3 edges per pin. 

And only the MegaOne guarantees all © ! 
specifications at the DUT pin, handler, or MEGATEST 
probe tip, where you need it. Performance without Compromise 
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DuPont RYNITE beats the heat 
of vapor phase and wave soldering 


RYNITE’ thermoplastic polyester resin withstands 419°F in 
vapor reflow, 525°F in under-board wave soldering 


Component manufacturers are 
capitalizing on the 435°F (224°C) heat 
deflection temperature of RYNITE* 
PET, a polyethylene terephthalate, to 
beat the heat of wave and vapor phase 
soldering. RYNITE also offers a GL 
temperature index of up to 155°C. 


DuPont Connector 
Systems 


Seba 


DuPont Connector Systems 
chose RYNITE over PPS for a new line 
of slotted header connectors that resist 
the 419°F of vapor phase soldering 


Dial Du Pont first 
(302) 999-4592 


ALCRYN® melt processible rubber 
DELRIN® acetal resin 

HYTREL*® polyester elastomer 
RYNITE® thermoplastic polyester 
ZYTEL® nylon resin 
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and the 525°F of under-board wave 
soldering. DuPont Connector Systems 
selected RYNITE because it exhibits 


greater elongation and is less abrasive 
on the mold than PPS. 


Midtex bobbin 
The Midtex Divi- 
sion of Midland-Ross 
uses RYNITE for 
Midcom modem 
transformer bobbins 
that maintain their 
shape even under the 
525°F heat of under- 
board wave soldering. Midtex chose 
RYNITE polyester for better molding 
performance and for cost savings. 


Ericsson connector 
L.M. Ericsson replaced PBT poly- 
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ester with RYNITE® PET in the edge 
connector (below) because RYNITE® 
PET polyester withstands vapor phase 
soldering at 419°F for one full minute. 
RYNITE also resists the solvents used 
in cleaning soldered boards. 


Get more information by calling 
for a sales presentation. Or for free 
literature write to DuPont Company, 


Room X50505, Wilmington, DE 19898. 
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| Real Performance 


Think big. Then keep a low profile with 


Nichicon 5mm or 7mm superminiature electrolytics. 


Introducing six big reasons to think 
small. 

Six problem-solving electrolytic 
capacitor series that meet your high 
component density requirements, as 
well as low leakage, high reliability 
and assembly cost-saving needs. 

seeing is believing, right? 

That's why wed like to send you our 
free Nichicon superminiature and 
ultraminiature electrolytic data pack. 

And, if you'd like samples on any of 
these six series, we can arrange that, too! 

Besides the obvious saving of precious 
board real estate, these tiny capacitors 
really can save you money, 

Each can be taped and reeled for 
use with your high soeed automatic 
insertion equipment. Most feature our 
special anti-solvent design that allows 
them to be ultrasonic, vapor or immer- 
sion cleaned. 

Anc.all are currently being shipped to 
the assembly lines of major manufac- 
turers around the world-who rely on 
Nichicon to help them keep costs 
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down and quality levels up, through our 

Statistical Process Control and Dock-to- 

Stock programs. 

« MA High-Reliability Series: Features a 5mm 
maximum body height « Anti-solvent feature « 


é 


The capacitor choice. 
927 E. State Parkway » Schaumburg, IL 60173 « (312) 843-7500 
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dea after another. 


—40~+85°C + 0.1~220uF « 4~50\WV - 
(+105°C version, “MT” Series, is available 
on request). 

- SA Series: Features a 7mm maximum body 
height « Anti-solvent feature « Excellent 
leakage characteristics « —40~+85°C -« 
0.1~100uF ¢ 6.3~50WV. 

¢ SR High C/V Series: Features a 7mm maximum 
body height « Excellent leakage characteris- 
tics « Anti-solvent feature « —40~ +85°C 
© 0.1~220uF « 4~50WV. 

¢ SL Low Leakage Series: Features a 7mm 
maximum body height « Anti-solvent feature 
¢ Ideal for tantalum replacement « —40 ~ 
+85°C « 0.1~100uF « 6.3~50WV. 

¢ ST High-Temperature Series: Features 7mm 
maximum body height « High reliability from 
—40~+105°C * 0.4~100uF * 6.3 ~50WV. 

- SP Non-Polar Series: Features 7mm maximum 
body height « Ideal for reverse DC current 


¢ Anti-solvent feature « —40~+85°C - 0.1 

~47uF ¢ 6.3~50WV. 

For your free superminiature and ultra- 
miniature electrolytic data pack, write 
us ON your Company letterhead, send 
us your business card or call us at 
(342) 843-7500. 


© Nichicon (America) Corporation 1986 
See us at Wescon Booth #1151-1153 


“For about $400,000 “For the same $400,000 
you can purchase a you can purchase the 
powerful VAX 8600 equally powerful 
Supermini?’ RIDGE 3200, as well as: 


Wee etal 408 oe oak aes ($64,000) 
A four-year Harvard scholarship 

forrite oldest child. = ($61,600) 
An Aspen Ski condominium .............. ($133,000) 


A fully-equipped 34’ Catalina sailboat...... ($56,000) 
Two midfield tickets to the next 


Me Soper bowls. 72 ($20,000) 
Two cases 1966 Dom Perignon ............ ($3 600) 
“His & Her” 1987 Kawasaki Concours 

Ws eae ($11,800) 


Or skip the extras, and 
get the RIDGE 3200 
Supermini for under 
$50,000.’ 


Ridge’s proven RISC design 
provides superior architecture. 
Plus high performance integer 
and floating point calculations. 
128mb real memory and 4GB 
virtual memory address space. 
A UNIX operating system. 
18mb/sec input/output. Up to 
8GB of file storage. And mea- 
sured mean time between 
failure of 16 months* 

For the full story on the 
RIDGE 3200, please call or write 
us today. 


RIDGE Ridge Computers 
2451 Mission College Blvd. 


Santa Clara, CA 95054 
IN 800-821-8975-U.S. 
.\ 800-468-1848-CA 


VAX is a trademark of Digital Equipment Corporation. UNIX is a trademark of Bell Laboratories. 
RIDGE 3200 is a trademark of Ridge Computers. Copyright 1986 Ridge Computers. 


*Field experience measured on 200 Ridge 32 systems. 
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What is the traffic loading of your Ethernet? Who is involved in data exchange? 
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How often do collisions occur? 


Ethernet 


Is the response of your data terminals correct? 
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as alow-cost turnkey | 
ASIC device verification 
system. 


Featuring 50 MHz Satem 


generation, 8K bit vector depth, 
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_ complicated central test 
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accessible, easy-to-use ahora : 


tive to centralized systems. 
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simulators, download test vec- 
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ATsT DOESN T 
IMMORTALITY... 


Today, the prod- 
uct that’s first in 
the market is 
likely to win the 
biggest share of 
market. 

So when 
youre racing toget 
a great idea off the 
ground—ahead of 
your competitors— 
you need more than 
just a “supplier.” 

You need a company with a broad 
line of high-performance components 
and electronic systems. A company with 
a networking point-of-view, an end-to- 
end capability, and the people and 
resources to assure all-out technical 
support. 

AT&T. 

Ready now to offer you the total 
commitment to quality and reliability that 
we've always insisted on in the systems 
and products we develop for ourselves. 

Ready now to deliver solutions. 


WE®32100, 
heart of the first 
full 32-bit chip set. 


WAY TO 


=. because that’s where 


We'll keep you on the 
leading edge. 


AT&T Bell Laboratories 

keeps us. 

Our new 32-Bit UNIX® 

Microsystem, for 

example, delivers 

performance others only 

promise. It’s a chip set 

that’s 100% complete, 

100% CMOS, and 

100% TT L-compatible— 

fully able to reduce your 

design time by as much as 

00 percent. 

For digital signal pro- 
cessors, count on AT&T's 
industry-pacing technology. 
Were delivering the only 
single-chip, floating-point 
device on the market. 

And our new fixed-point 
WEDSPI6 operates at 75 ns 
—the first single-chip digital @& 
signal processor to approach 
block DSP speeds. 

In data communications 
devices, we’re state-of-the- 
art every step of the way. 
(As you might expect from 
the company that developed 

the world’s biggest, 
most reliable com- 

munications 

network.) 


When off-the-shelf won’t do, our advanced 
custom design gives you the edge. 


Right now, for example, AT&T is 
the only company in volume production 
of a microprocessor-controllable, single- 
package modem that can handle up to 
2400 bits per second. 

Our Digital Encryption Processor 
is the only software-programmable, 


Few remember 

James Mollison, 

the second man to fly solo 
across the Atlantic, because 
‘Lindy’ did tt first. 


PROMISE YOU 
JUST THE FASTEST 


encryption processor available. 

And our X.25 Protocol Controllers 
offer the widest range of applications, 
from PCs to satellites. 

In memory, not only are we 
currently delivering an American- 


New ST™ Connector doubles your connections. 


made 256K DRAM, but we offer a range 
of leading-edge specialty memories. 

Count on AT&T’s advanced tech- 
nology to help you move your product 
out the door on schedule. 


Advanced custom design 
capability. 
Nobody knows better than you— 
moving to market first, and staying 
there, can require custom designed 
components. 

At AT&T, we'll get involved at any 
stage of your product design—from lay- 
out to prototype to production. We'll 
support you with the industry’s most 
advanced CAD/CAM software, rapid 
prototype turnaround, and unsur- 
passed volume manufacturing capabil- 
ity. Everything you need to ensure the 
success of your product—on your manu- 
facturing line and in the market. 

Your specialized interconnection 
néeds will be quickly taken care of— 
with multilayer printed wiring boards 
and hybrid [Cs produced to the highest 
standards of quality and reliability. 


EDN November 138, 1986 


AN IDEA FLY. 


We'll meet your application- 
specific IC needs with expert design 
and engineering personnel. And with 
powerful CAD software that helps 
make sure your devices work the first 
time. The commitment and resources 
to deliver solutions— 
that’s what makes AT&T, 
AT&T. 


It all takes power. 
AT&T's board-mounted 
power products cut 
design time with 
unmatched flexibility. 
Our low profile power 
converters are modular 
in design and about one 
quarter the size of con- 
ventional DC/DC circuit 
board converters. So 
they can be mounted in 
“= more places. And in the 
tightest situations. 

Whatever your power needs, from 
board-mounted to off-line switchers, 
we can work with you to develop a sys- 
tem to meet your needs. 


Networking wroructs that lock-in 
the future. 
For local or long-haul transmission, 
AT&T offers a complete family of fiber 
optic products and apparatus. 

In local area networks, our new 
ST™ Connector can actually double 
your network connections—or double 
the distance between connections— 
without affecting the fiber optic cable 
or electronics. 

And for high performance data 
transfer, AT&T’s ODL® 50 and ODL® 
200 Lightwave Data Links, with bit 
rates up to 200 Mb/s, incorporate the 
latest optical and integrated circuit 
technology. These products, as well as 
our ODL RS232-1 Fiber Optic Modem, 
a high performance data interface, 
readily mate with the ST Connector. 

Our newest addition to the AT&T 
lightwave family—the ASTROTEC™ 
ceramic laser module—is a reduced- 


CIRCLE NO 74 


BBietono.. 


oS a ae 
pe OS OO OO“ SSS 
é ~~ Seren So Ss Stage SS Fas ee eg é o meee 
eed eS = "ae Se OF 
ey SO >= oe 
See, aire —— =~ ar tend 
é eon 


: y 
re, 


2 
fi. 


ft 
é a A fF i 


ft 


ii 


; 


Mite od < r en SO aS Sar, i re S 
Advanced processing technology provides 
superior buried microvias in multilayer 
printed wiring boards. 


size, long-wavelength laser that offers 
highly reliable, low cost performance. 


We'll work with you, all the way. 
Call us right from Day One, and we'll 
put our expertise at your disposal. Call 
us when you hit a snag, and we’ll work 
out a solution together. After all, we’ve 
got the world’s greatest problem- 
solvers on call—the men and women of 
AT&T Bell Laboratories. 

For more information, phone 
AT&T at 1800 372-2447. We’ll help you 
put wings on your concept, and “first” 
on your product. 

(In Europe, phone AT&T Micro- 
electronics, in Munich, Germany, at 
089/95970. Telex 5216884 attm d.) 


© 1986 AT&T Technologies, Inc. 
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MAIL THIS COUPON FOR MORE ABOUT ATeT PRODUCTS 
THAT CAN HELP GET YOUR IDEA OFF THE GROUND. 


(For fast action, call us at 1800 372-2447.) 


& UNIX* Microsystem (82-bit) = Capacitors 
MOS Integrated Circuits 


& Miniature Mercury Wetted Relays 


Communications ICs 


Digital Signal Processors ed Electronic Circuit Transformers 
Memory and Inductors 


Application Specific ICs 

; ee Cable & Wire 

EE Fiber Optic Products : —Electronic Wire, Cable, Mechanical and Elec- 

- _ODL' Data Links, ODL Data Interfaces, trical Protection Devices, ’Cross- Connection, 

ASTROTEC™ Ceramic Laser Modules, Active fsug aude Components, Connectors, 
and Passive Components, ST™ Connector, ea oa aa 
Lightguide Fiber Products, Lightguide Apparatus 
Interconnection Products Lad Please send me a complete list 
—Multilayer Printed Wiring Boards, of AT&T components and 
Hybrid Integrated Circuits, Multi-Fiber electronic systems. 


Array Connectors 
Linear Integrated Circuits Mail To: AT&T. Dept. KB 


—Interface and Telecom, High Voltage Solid . 
Biante Welivs Genie ie ie Rate 5959 Union Blvd., Allentown, PA 18103 


Power Products 


—Board Mounted Power Modules, Custom Off- NAME 


Line Switchers, de/de Converters, de Reserve 
System, Power Protection Systems for ac TITLE 


| Opto-Isolators COMPANY 


|_| Miniature Voltage-Controlled ee 
Crystal Oscillators sri 


PHONE ( ) 
EDN111386 
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TECHNOLOGY UPDATE 


Expert systems as engineering tools will 
broaden productivity/creativity options 


J D Mosley, Regional Editor 


Expert systems are software tools 
that will soon provide new oppor- 
tunities for increasing an engineer’s 
productivity. Such systems let you 
electronically file various tricks of 
the trade for future reference, thus 
permitting you to use your comput- 
er for various purposes: as a check- 
list for proper design implementa- 
tion, as a surrogate for tutoring 
nontechnical users of your products, 
as a testing ground for creative de- 
sign concepts, and as an associate 


EXPERT-SYSTEM DEVELOPMENT 


SYSTEM 

. EXTENSION ¥ 
SYSTEM 

| TESTING Fe 
RESULTS 


DOMAIN EXPERT 


QUERIES 


EXAMPLES 
SOLUTIONS 


EFINITION 


= SYSTEM 4 
z REFINEMENT # 
SYSTEM 
Ny TESTING = 


KNOWLEDGE ENGINEER 


ESULTS 


SYSTEM 


for design recommendations and 
advice. 

The way in which expert systems 
differ from conventional computer 
programs is best described by anal- 
ogy. Virtually anyone can follow a 
recipe to bake a cake, but to adorn a 
cake with awe-inspiring rosebuds 
and florets requires a lot of skill, 
experience, and a few tricks of the 
trade. 

Similarly, a conventional comput- 
er program can solve a problem by 
adhering to a clearly defined set of 
instructions; an expert system, on 


EXPERT SYSTEM 


KNOWLEDGE BASE 


EXPERT- 
SYSTEM 
SHELL 


HEURISTICS 


le 


INFERENCE 
ENGINE 


SCHEDULER 


INTERPRETER 


| 
| 
| 
| 
| 
| 
es 
| 
| 
| 
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| 


the other hand, relies on obscure 
rules based on uncertainty, fuzzy- 
set theory, and tricks of the trade 
called heuristics. Problems that in- 
volve uncertainty and that can’t be 
dissected into straightforward 
mathematical algorithms lend them- 
selves to artificial intelligence. Deal- 
ing with such uncertainty is what 
differentiates knowledge engineer- 
ing from traditional software devel- 
opment. 

In the expert-system develop- 
ment process (Fig 1), a knowledge 
engineer must learn about every as- 


: EXPERT-SYSTEM IMPLEMENTATION 
; 


USER 
INTERFACE 


os END USER 


CONCLUSIONS 


Fig 1—Developing an expert system is a lengthy process: It requires that a knowledge engineer work closely with a domain expert to produce 


a knowledge base. 
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Meet our new line of tower enclosures. Enjoy 
versatility low cost and immediate availability 


Enter the new age of tower configurations, with Everest packages, and fast customization that Everest is known for. 
enclosures that answer your CPU and peripheral storage Caster options are available and you can even slide it under 
requirements. a desk. Plus a special feature: anti-tipping stabilizers in our 

Great versatility. With their 19” vertical opening and bases for pull-out drive mountings. 


choice of three widths (514, 834 and 
102), the Everest towers give you 
nearly limitless freedom, thanks to 
our standard mounting packages 
and universal mounting shelves. Or 
we can customize to your needs 


usable space. 
Lowest cost. Don’t spend your 
hard-won design money on cabinetry, 
when this modern and attractive 
design is here for you now. And it’s less 
expensive than you'll find elsewhere. 
Available now. There’s no need to wait. 
We have immediate availability in standard 
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We have a great new home for your 
CDC, Fujitsu, Cipher or other drives. 
Or even your MicroVAX* From a com- 
pany known for great outsides that 
reflect your hard work inside. 


* 


licroVAX is a trademark of Digital 
Equipment Corporation. 


Everest 
Flectronic 
EF quipment, Inc. 


Anaheim, California (714) 634-2200 
Norcross, Georgia (404) 447-9986 
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pect of a problem area (the domain) 
from a domain expert. Then, the 
two of them work via an expert- 
system shell to produce a knowledge 
base and to fine tune the system’s 
inference engine and user interface. 

The knowledge engineer must not 
only be thoroughly familiar with the 
software and the application, but 
must work closely with the expert 
to develop rules and probabilities 
from which a computer can draw 
inferences that imitate human rea- 
soning functions. Thus, the end 
user, someone who doesn’t have a 
lot of expertise in some application 


area, can use the same problem- 
solving knowledge and techniques 
used by experts. 

The first step is to investigate the 
problem itself and determine 
whether it is a good candidate for 
expert-system development, or if it 
would be more appropriate to use a 
less-expensive, algorithmic soft- 
ware environment. If you are seek- 
ing a single, correct answer to a 
well-defined problem in a static en- 
vironment, you should probably 
consider programming in C, Pascal, 
or some other algorithmic environ- 
ment. You’d be better off reserving 


expert-system development for 
problems that offer a number of 
feasible options and that occur in 
dynamic, unpredictable environ- 
ments. 

Once you’ve ascertained that an 
expert system is practicable, you 
must then locate a domain expert, 
someone who is very good at solving 
a problem such as yours. For exam- 
ple, perhaps you know a service 
technician who’s a whiz at fixing an 
unruly machine, or a senior engi- 
neer who you’d swear could route a 
6-layer pc board in his sleep. These 
individuals, proficient and possess- 


Vocabulary of AI terms 


Artificial intelligence (AID—A generally ill-de- 
fined area of computer science dedicated to the © 
development of machines that can learn, under- 
stand, interpret, and arrive at conclusions in a 
manner that would be considered intelligent if a 
person were doing it. 

Blackboard architecture—An expert-system de- 
sign that lets multiple independent knowledge 
bases examine a common working memory called a 
blackboard. | 

Domain expert—Someone who has accrued 
enough knowledge about a certain subject or appli- 
cation such that you can design an expert system 
on the basis of that “borrowed” knowledge. _ 
Expert system—A program that makes the rea- 
soning skills of an expert available to a nonexpert. 
The expert’s knowledge is stored in the system as 
the rules, facts, and heuristics relating to a very 
narrowly defined application. 

Fuzzy-set theory—First expressed by Dr Lofti 
Zadeh at UC Berkeley. A fuzzy set doesn’t have a 
crisply defined membership, but rather allows ob- 
jects to have grades of membership (0 to 1). 
Garbage collection—A Lisp term that refers to 
the process of recycling memory locations available 
for processing. Lisp is a memory-intensive lan- 
guage, and system performance suffers in the ab- 
sence of this memory-recycling feature. 
Heuristics—A rule of thumb or an educated guess 
that simplifies and limits a search for solutions in 
applications that are difficult or poorly understood. 
Unlike an algorithm, heuristics doesn’t guarantee a 
correct solution. 

Inference engine—The part of an expert system 
that contains the mechanisms for solving problems: 
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An interpreter decides how to apply rules, facts, 
and heuristics in order to infer new knowledge, 
and a scheduler decides the order in which those 
rules, facts, and heuristics should be applied. 
Knowledge base—A computerized collection of 
facts, rules, and heuristics. 

Knowledge engineer—Someone who develops 
knowledge-based expert systems. 

Knowledge representation—The selection, formu- 
lation, and interpretation of symbols, as defined by 
a knowledge engineer. 

Lisp—A specialized language that manipulates 
symbols defined as list structures. It includes auto- 
matic memory management and extensive editing 
and debugging aids. You can also develop a Lisp 
program that can modify its own code to simulate 
learning. : 
Monotonic reasoning—A technique in which if 
facts in a knowledge base become true, they re- 
main true. Such a system’s knowledge base can 
only expand. 

Nonmonotonic reasoning—A technique that al- 
lows the revision of previously accepted facts. 
Object-oriented programming—A programming 
environment in which symbols called objects com- 
municate by passing messages. This approach per- 
mits the simulation of multiple unrelated, but si- 
multaneously occurring, processes. 
Primitives—Lisp functions. 

Prolog—A language used for symbolic processing. 
Symbol—A character string that represents a real- 
world concept; for example, the letters m-a-n can 
be used to represent an adult human male. 
Symbolic processing—The manipulation of com- 
plex concepts defined by collections of symbols. 
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ing expertise in a particular area, 
offer the know-how that a knowl- 
edge engineer tries to capture in an 
expert system’s knowledge base. 

Frequently you'll find that do- 
main experts are people who are so 
good at what they do that they func- 
tion automatically, without the 
planning and caution exhibited by 
novices. In addition, being human, 
they may not know exactly how or 
why they do what they do, particu- 
larly if they acquired their expertise 
gradually. 

As a result, it can be a lengthy 
and difficult process for the knowl- 
edge engineer to determine how the 
expert performs and to translate 
the process into a set of rules, facts, 
and heuristics from which a compu- 
terized imitation of that process can 
emerge. Symbolic processing is a 


computerized attempt at represent- 
ing the domain expert’s method of 
reasoning. Symbols represent real- 
world objects or contributing fac- 
tors in the domain; the rules govern 
interaction between the symbols. 
Virtually all of today’s expert- 
system development packages—the 
professional-caliber systems and a 
growing number of low-cost expert 
system shells—provide tools that 
aid in this knowledge-extraction 
process. One popular approach lets 
the domain expert formulate rules 
by example. Instead of following the 
usual “If... then” method of rule 
building, the computer lets the ex- 
pert identify a problem and de- 
scribe a number of correct solutions. 
The system then derives a rule that 
seems applicable and offers it to the 
expert for testing and approval. 


Inexpensive AI language tools 


The following IBM PC-compatible AI language tools are useful 
for an introductory examination of software tools that use tech- 
niques such as object- oriented programming, rule chaining, and 


frame development. 


GCLisp ($495), from Gold Hill Computers, offers a 60-lesson 
interactive tutorial that illustrates the Common Lisp language 
and AI programming techniques. It also includes a full-screen 
text editor, interactive debugging facilities, an on-line help sys- 
tem, automatic garbage collection, programming examples, and 
an interpreter that includes more than 400 Common Lisp 


primitives. 


MProlog P-500 ($495), from LogicWare Inc, is designed as a 
full-featured implementation of Prolog. It uses facts and rules in 
a natural-language environment to produce modular AI applica- 
tion programs, and it features an integrated editor, intraline 
oe: back-tracking trace facility, and an on-line help function. 
_  Smalltalk/V ($99), from Digitalk Inc, is an object-oriented pro- 
_ gramming language that lets you dee frame- and rule-based 
_ application prototypes. It includes a graphics interface and a 


~ source-level debugger. 


TLC Lisp ($250), from The Lisp Co, includes more than 250 
Lisp primitives—approximately 50 of which are compatible with 
- Common Lisp. This package gives you sample source code for a 
_ variety of applications, a compiler, a full-screen editor, and a 


_ graphics extension. 


Turbo Prolog ($99. 95), from Borland International, is an ob- 
ject-oriented programming system with a pull-down menu, incre- 
_ mental compiler, trace debugger, and interactive editor. It sup- 

ports graphics, text, and windows, and it includes a tutorial for 


novice users. 
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Expert systems are also particu- 
larly suited to inferential reasoning; 
in other words, if the underlying 
rules are true, then any conclusion 
derived from those rules is also 
true, and assumptions based on that 
conclusion can be made with confi- 
dence. Degrees of uncertainty may 
be associated with both the conclu- 
sion and all resulting assumptions, 
however, and so the most useful 
expert systems allow a domain ex- 
pert to assign a numerical probabili- 
ty of certainty to a particular out- 
come resulting from defined circum- 
stances (called confidence factors). 

For even greater flexibility, a few 
expert systems have the ability to 
deal with unknown parameters in a 
proposed problem scenario. When 
the system quizzes an end user for a 
description of a problem, the user 
can admit ignorance of some aspect. 
The computer will assume a worst- 
case parameter to fill in that gap in 
its knowledge base. 

Even after the knowledge engi- 
neer considers a knowledge base 
complete, the rules, facts, and heu- 
ristics provided by the domain ex- 
pert—or team of experts—still may 
not represent a complete basis for 
problem analysis. 

One of the most intriguing fea- 
tures available in some expert sys- 
tems is nonmonotonic reasoning: the 
ability to revise premises that the 
system previously accepted as being 
true. Another “intelligent” function 
is automatic rule building: that is, 
the ability to generate new rules 
from examples of correct decisions 
or from conclusions drawn from 
other rules. If a system combines 
nonmonotonic reasoning with rule- 
building techniques, the computer 
can imitate the human learning 
process. 

In rule-based systems, the infer- 
ence process typically involves for- 
ward- or backward-chaining, or a 
combination of the two. In forward- 
chaining, the system begins with a 
set of facts and applies rules to 
those facts in an effort to reach 
some conclusion. Backward-chain- 
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2A or 3L Engineering Prototypes: 
We deliver on time or we absorb 
30% of your fabrication cost. 


It’s nothing new. For the last 6 years, Orbit eentcomda cone 
(formerly Comdial) has been the only foundry to guarantee 
on-time delivery for CMOS/HMOS engineering prototype 


or production runs. 


High reliability 244 and 3p double metal or double poly. 
10 working days for single poly and single metal. 15 working 
days for double poly or double metal. Quality processing 
that lets us deliver to Mil Std 883C requirements. Even 
mature processes (Synertek’s) available. It’s all part of the 
way we’ve earned our customer’s confidence. 


And when it comes to your production order, Orbit is your 
assurance of quality processes, and products delivered 
on time. 


For more information on the only guaranteed on-time 
delivery, typical turnarounds and processes, contact: 
Gary Kennedy, President, 1230 Bordeaux Drive, 
Sunnyvale, CA. 94089. Or call (800) 331-4617, in 
California (800) 647-0222, (408) 744-1800, 

TWX 910-339-9307, FAX (408) 747-1263 


A subsidiary of Orbit Instrument Corporation. 


ote 
What others promise, we guarantee. 
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ing systems begin with the conclu- 
sion you want to reach and execute 
only the rules that are relevant to 
the establishment of that conclu- 
sion. Although the relative effec- 
tiveness of these two methods de- 
pends on_ the — application, 
backward-chaining tends to be more 
efficient because the system tends 
to explore fewer rules. 

Lisp and Prolog are two special- 
ized languages that support the ma- 
nipulation of rules and symbols. 
These are the most commonly used 
languages in AI research: Lisp en- 
joys wide popularity in the US; Pro- 
log forms the basis for Japan’s Fifth 


Generation Computer Project. 

The manufacturers of a number of 
expert-system shells have ported 
their software to C and other lan- 
guages to facilitate use with soft- 
ware tools such as spreadsheets and 
database-management systems. But 
if you think that it’s important to 
learn Lisp or Prolog, or if you re- 
quire the speed and power of dedi- 
cated AI workstations, mainframes, 
or minicomputers for optimum per- 
formance, try subsets of these lan- 
guages, which are available for IBM 
PCs and compatibles (see box, “In- 
expensive AI language tools”). 

Nevertheless, it isn’t necessary to 


learn a high-level AI language to 
explore the opportunies offered by 
expert-system development. A 
number of commercially available 
programs provide the framework 
upon which you can tailor a func- 
tional expert system. (For more in- 
formation on these shells, which you 
can use to build small expert sys- 
tems that run on IBM PCs, see box, 
“Low-cost expert-system shells”). 
Whereas these shells cost less than 
$500, professional-caliber shells can 
cost tens or hundreds of thousands 
of dollars. Of course, the profession- 
al-caliber shells include highly so- 
phisticated software tools that pro- 


Low-cost expert-system shells 


The following IBM PC-compatible expert-system 
shells cost less than $500; using them, you can 
investigate the usefulness of knowledge-based sys- 
tems. Although lacking the speed and sophistica- 
tion of more-expensive, professional-caliber shells 
and development systems, these software packages 
can give you a feel for knowledge engineering. 
ExperOPS5-Plus ($395), from ExperTelligence, 
uses an algorithm that makes the system speed 
independent of the number of rules. It includes 


graphics capability, interactive dialogue boxes, and a 


customizable user interface. A Lisp-based system, 
it uses a forward-chaining inference engine. 

Expert One ($99), from Softsyne Inc, was previ- 
ously known as Expert-Ease and sold for $695. 
The new publisher changed the name and lowered 
the price of this popular example-based system. 
Expert One induces rules from examples of appro- 
priate decisions and then uses those rules to solve 
problems. You enter your examples in a spread- 
sheet-like format. 

Exsys ($39), from Exsys Inc, uses “if . . . then” 
rules for its knowledge base, to which you ean add 
explanatory text and references. The system can 
calculate certainty factors and explain the rules it 
used in reaching a conclusion. Once a conclusion is 
reached, you can change the problem’s description 
to compare results. A demonstration disk costs 
$15. 

1st-Class ($495), from Programs in Motion, lets 
you build both rule-based and example-based ex- 
pert systems. It has a modular knowledge base; 
each module holds 255 examples, each of which can 
contain as many as 82 factors for determining a 


result. Modules are paged from disk for extended 
system development. The system comes with 25 
sample knowledge bases. A demonstration disk is 
available for $20. 

Flops 1.2 ($195), from Kemp-Carraway Heart 
Institute, is based on fuzzy-set theory. It combines 
inductive and deductive reasoning with automatic 


backtracking and nonmonotonic reasoning to han- 


dle contradictory, uncertain, and ambiguous infor- 
mation. Flops, whose syntax is derived from OPS5, 
was originally developed for analysis of noisy ultra- 
sound heart images. The package includes a 300-pg 
tutorial and more than 20 sample programs; it also 
provides automatic rule generation and a syntax- 
oriented text editor. 

Insight 2 ($495), from Level 5 Research, is a 
menu-driven, backward-chaining system that uses 
if/then/else rules, confidence factors, and unknown 
answers to arrive at conclusions. The system also 
performs mathematical computations. 

Personal Consultant Easy ($495), from Texas 
Instruments, is suitable for building expert sys- 
tems with fewer than 400 rules. It lets you call 
DOS files from your expert system, thus allowing 
you to draw data from your existing databases. 
The package offers upward compatibility to the — 
more-sophisticated $2995 Personal Consultant Plus; 
you can apply the cost of PC Easy to the purchase 
of PC Plus if you decide to upgrade within six 
months. A menu-driven system, it offers forward 
and backward chaining and includes a screen edi- 
tor, graphics support, if/then prompts, help fea- 
tures, and hotline support. 
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The most advanced color plotter in the world 


SPEED means superior throughput. Benson’s REAL-TIME RASTERIZATION with Benson’s 
exclusive single pass technology yields the exclusive built-in controller reduces host 
fastest plotting of any E-size color plotter overhead substantially and allows plotting to 
available today begin immediately 

RELIABILITY comes from fewer moving parts... Benson has applied for more than 50 patents for 
a single motor to move the paper past the design innovations in the CES-3036, the color 
heads — once! plotting standard of excellence 


SUPERIOR OUTPUT because the CES- 3036 
virtually eliminates dot overlap, giving uncon- 
taminated, vibrant color output. All-electronic 
registration guarantees line quality and perfect 
polygon fills 


Discover Benson...The only company with 
more than three decades of experience 
devoted EXCLUSIVELY to advancing the 
science of graphic plotters 


Simplicity—and ingenuity— 
of design means a minimum 
of moving parts. 


With Benson's standard 
100Mbyte built-in disk, 
generating up to 99 copies 
Of a plot ts a simple task 


Benson’s built-in controller 
rasterizes “on the fly” while 
the plotter plots. It frees the 
host computer and can gene- 
rate a complete E-size plot in 
as little as four minutes! 


For more information on our complete line of color and monochrome electrostatic plotters, thermal, 
inkjet and pen plotters, contact: 


Benson, Inc. IN EUROPE: 
385 Ravendale Drive 1, rue Jean Lemoine 
P.O. Box 7169 Z.1. Petites haies. B.P.|/113 


nenaa Mt. View, CA 94039-7169 94003 Creteil CEDEX FRANCE 
Telephone: 415-964-7900 Telephone: (33-1) 48.98.92.05 
Telex: 4941178 BENUW _ Telex: 210845F 


© 1986 Benson, Inc. 


CIRCLE NO 77 


TECHNOLOGY UPDATE 


vide a high-performance environ- 
ment for large expert-system devel- 
opment. 

Notwithstanding the sophistica- 
tion of the development environ- 
ment, AI research has not yet pro- 
duced a general-purpose “thinking 
machine.” All of today’s expert sys- 
tems provide solutions only for very 
narrowly defined problem areas. If 
you defined the area too broadly, 
the knowledge base would become 
too big for the inference engine to 
operate efficiently, and the system 
would grind to a halt due to uP 
overload. 

Such a possibility is evidence of 
the technical limitations that cur- 
rently prevent efficient imitation of 
the human brain’s ability to follow 
many reasoning paths at once. The 
field of parallel and multiple pro- 
cessing is maturing, and AI re- 
searchers are seeking ways to 
enable computers to simultaneously 
consider many reasoning paths. One 
concept, originated at Carnegie- 
Mellon University and promoted by 
a British group called Systems De- 
signers ple (Fleet, Hampshire, UK) 
is to use a blackboard architecture 
that lets multiple independent 
knowledge bases share information 
via a message-passing system. 

Another approach, also used in 
linear-processing systems, deviates 
from rule-based knowledge repre- 


For more information .. . 


For more information on the AI and expert-system manufacturers described in this article, contact the following manufac- 
turers directly or circle the appropriate number on the Information Retrieval Service card. 


Exsys Inc 
Box 75158 


Borland International 
4585 Seotts Valley Dr 
Scotts Valley, CA 95066 
(408) 438-8400 

Circle No 676 


Digitalk Inc 

5200 W Century Blvd 
Los Angeles, CA 90045 
(213) 645-1082 

Circle No 677 


ExperTelligence Inc 

559 San Ysidro Rd 

Santa Barbara, CA 93108 
(800) 826-6144 

Circle No 678 
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Albuquerque, NM 87194 
(505) 836-6676 
Circle No 679 


Gold Hill Computers 
163 Harvard St 
Cambridge, MA 02139 
(617) 492-2071 

Circle No 680 


Kemp-Carraway Heart Institute 
1600 N 26th St 

Birmingham, AL 35234 

(205) 226-6697 

Circle No 681 


sentation. A semantic net is a net- 
work of nodes that represents con- 
cepts or objects; arcs connect these 
nodes and represent the relations 
between nodes. A semantic net can 
shorten a reasoning path between 
two distant nodes. In addition, it 
provides an inheritance hierarchy 
that lets nodes assume the proper- 
ties of superior nodes. In this way, a 
descriptive property common to 
many nodes must only be present in 
one superior node. 

Frame-based knowledge repre- 
sentation is similar to the semantic- 
net approach but includes procedur- 
al features that are well suited to 
speech and vision interpretation. 
Object-oriented programming envi- 
ronments also use a network of 
nodes called “objects.” However, in- 
stead of communicating via a com- 
mon working memory, the objects 
communicate by passing messages 
among themselves. This approach 
allows the simulation of multiple un- 
related (but simultaneously occur- 
ring) processes. 

Although researchers are ad- 
dressing the problem of imitating 
the human reasoning process, many 
other problems remain unsolved. 
Some of the difficulties associated 
with knowledge engineering involve 
human limitations. 

The selection of an appropriate 
problem is critical to the successful 


LogicWare Inc 

70 Walnut St 
Wellesley, MA 02181 
(617) 237-2254 
Circle No 682 


Level 5 Research 
4980 S Hwy AIA 


(305) 729-9046 
Circle No 683 


The Lisp Co 
Box 487 


(408) 354-3668 
Circle No 684 


Melbourne Beach, FL 32951 


Redwood Estates, CA 95044 


development of an expert system. If 
the knowledge engineer selects a 
problem that’s too general, the sys- 
tem will be slow, cumbersome, and 
avoided by the intended users. If 
the problem is too simple, users will 
prefer to solve the problem them- 
selves and the system will sit idle. 
Either way, many hours of develop- 
ment time and a lot of expensive 
software will go to waste. 
Unwilling domain experts can 
also hamper the knowledge-engi- 
neering effort. Fear of being re- 
placed by a computer, or skepticism 
about the usefulness of the project, 
can lead experts to consciously or 
unconsciously resist participation in 
the effort. Or the domain expert 
may be too busy to devote the time 
required to help build a knowledge 
base. And without the full support 
of management, a knowledge engi- 
neer typically has no authority to 
coerce the expert into cooperating. 
Unfamiliarity with AI tools and 
concepts such as the fuzzy-set the- 
ory and inference methods ean re- 
sult in a system that is more like an 
algorithmic solution than a reason- 
ing tool. Moreover, everyone in- 
volved in building an expert system 
for the first time must understand 
that a learning curve exists for nov- 
ice software system developers in 
general and for knowledge engi- 
neers in particular. The knowledge 
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engineer must become acquainted 
with an unfamiliar problem area and 
represent it as an Al-based comput- 
er program, in much the same way 
that a technical writer must become 
familiar with and be able to commu- 
nicate about a foreign subject area. 
In addition, system development 
will be a lengthy process, so you 
should make sure the problem 
you're addressing is a long-term 
one. 

_ Artificial intelligence holds possi- 
bility and promise for the future, 
but the practical tools, such as ex- 
pert systems, that emerge in the 
near future will be nothing more (or 
less) than tools for increasing human 
productivity. Just as handheld cal- 
culators didn’t decimate the ac- 
counting profession and word pro- 
cessors didn’t eliminate the need for 
secretaries, expert systems don’t 
pose a threat to human experts. 
Expert systems will simply let us 
apply expertise in areas that 
couldn’t reasonably be served be- 
fore: in hazardous environments, in 
understaffed sectors, and in posi- 
tions with high turnover rates. EDN 
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Demonstrated Lead- 
ership in Combining 
Analog and Digital 
Designs on a Single 
Chip, and Offering Both 
CMOS and Bipolar 
Processing in Our Own 
Advanced Wafer Fab. 


DESIGN EXPERTISE 


Silicon Systems is years 
ahead of the competition 
in the design of custom 
and semicustom analog, 
digital, and combined analog/ 
digital IC’s in Bipolar and CMOS 
technologies. One reason for this 
success is our heavy investments in 
the most advanced computer-aided design sys- 
tem called IDM— Integrated Design Methodology. 
This proprietary design tool is the ultimate solution 
for supporting our customers’ requirements. IDM 
allows auto-routed cells, compiled macros, and full 
custom circuitry to be intermixed on a single chip. 
The result: IDM provides faster turnaround, lower 
cost, and higher performance while eliminating 
design errors. 

This design “edge” has led us into a broad 
diversity of design applications. However, we aren’t 
resting on our laurels. With a dedicated design 
automation team with 14 years of experience, we 
are defining the state-of-the-art for future analog 
and analog/digital design methodologies. Further- 
more, our systems engineering background allows 
Silicon Systems to live up to its name by providing 
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SILICON SYSTEMS— 
_ INNOVATORS IN INTEGRATION 


true systems ona 

chip performance, 
thereby affording our 
customers a true 
competitive advantage. 


PROCESS EXPERTISE 


But there’s more to a 
great IC company than 
just great design. And 

that’s why Silicon Sys- 
tems developed a multi- 
process wafer fab running 
advanced CMOS and Bipolar 
technologies optimized for 
ASIC development and pro- | 
duction. 
We run 3 CMOS with both high volt- 
age (12V) and low voltage (5V) analog/digital 
options. We also run 2 CMOS for digital applica- 
tions and will soon be scaling these to L254 CMOS 
with analog enhancements to follow. 

In Bipolar, the company has extensive experi- 
ence producing analog/digital design with our 3y, 
4GHz f, process. We are ramping up our newest 
Bipolar technology which will extend our processes 
to 6 GHz f,. and even lower noise capability. 

The point is: there is no company better 
equipped to provide the right custom/semicustom 
chip solutions for your most challenging analog, 
digital, or combination analog/digital design prob- 
lems. So, if you'd like to give your product a com- 
petitive edge, call or write for more information: 
Silicon Systems, 14351 Myford Road, Tustin, CA 
92680. Phone: (714) 731-7110. 
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We didn’t get to be a 
major opto supplier by 
building minor products. 


~ Optoelectronics Products - 

Ae 

4951 Airport Parkway 

__ Dallas, Texas 75248 
! (214)-239-3565 


The game Is over. 


OMNI. The only universal 


A totally new concept in PROM 
Programming. OAE has drawn upon 12 
years of research and manufacturing 
experience to develop the ultimate in 
software configured programmers. By 
combining up to 64 programmable pin 
drivers with a new database of over 
1400 parts, the software configured 
OMNI can program hundreds of 
EPROMs, EEPROMs, EAROMs, 
bipolar and CMOS PROMs, PLDs, 


microprocessors and ASICs 
(Application Specific ICs). /n fact, the 
OMNI's unique pin drivers can program 
and test all known programmable 
semiconductors, from bipolar diode 
arrays to ECL PLDs. in addition, an 
optional parametric editor can be used 
to screen every device programmed to 
your company’s own specifications. 


e 100% Software Configured. 


e Unlimited Free Library Updates 
available for 2 years. 


e Plug compatible with over 350 
different computers and operating 
systems. 


e Over 20,000 devices may be added to 
the OMNI’s new nonvolatile library. 

e Fast high voltage, high current pin 
drivers can supply +1.5A continuous, 
and +4.5A to +10A peak at each pin. 

e 100% laser trimmed references — 
no calibration is ever required. 


e Over 4,000 steps of voltage and 
current resolution plus sub- 


programmer. 


nanosecond timing resolution to 
program everything from CMOS to 
high power bipolar and ECL devices. 


e The OMNI 64 supports ALL package 
types, including SOs, LCCs, PLCCs, 
PGAs, DIPs, etc. 


e Full one year parts and labor and two 
year software warranty period. 


e The OMNI is small, portable, and easy 
to use. 


OMNI Series starts at just $2995.00 


NOW THAT THE HARDWARE GAME 
IS OVER... IT’S YOUR MOVE! 


Call 1-800-828-0080 (1-800-423-8874 
in CA) for a free demonstration today. 


ONE 


Oliver Advanced Engineering, Inc. 
320 West Arden Street 

Glendale, CA 91203 

(818) 240-0080 
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NEC has mated high sensitivity with Toughness begins with 
new toughness ina beautifullysmall 1.5kV surge withstand. 
subminiature relay series—the MR602. Superior plastic sealing 
Polarized MR602 relays consume permits auto soldering 
only 200mW. This and immersion cleaning 
means direct High-temperature 


environments are no 
sweat either 


drive by ICs. 


eee 


Subminiature power relay MR71/72 Series. 
O)Withstand 10kV surge and 111A inrush. 
Contact form: 1 Form A, B or C (MR71) 
2 Form A, B or C (MR72) 
Contact rating: 300W, 30VDC, 10A; 
2,500VA, 250VAC, 10A (MR71) 
150W, 30VDC, 5A; 1,250VA, 
250VAC, 5A (MR72) 
Dimension (inch): H1.004 x W1.142 x DO.512 


DIP wet reed relay AMD Series. 

(Mounting direction-free. 
Contact form: 1 Form A Contact rating: 30W, 350VDC, 0.5A 
Dimension (inch): H0.276 x W0.768 x D0.35 


SIP wet reed relay PTW Series. 

C)High insulation resistance. 
Contact form: 1 Form A Contact rating: 50W, 500VDC, 1A 
Dimension (inch): H0.315 x W0.768 x D0.256 


Wet reed relay NMP Series. 
C)High speed operation with high sensitivity. 


SIP dry reed relay PU Series. 
C)Space-saving mini-SIP configuration. 
Contact form: 1 Form C Contact rating: 50W, 500VDC, 1A _ Contact form: 1 Form A Contact rating: 1OW, 1OOVDC, 0.5A 


Dimension (inch): H0.272 x W0.898 x D0.297 


Wet reed relay UMP Series. Dry reed relay URA Series. 

OCompact 2 Form A relay. C)Super-high sensitivity. 
Contact form: 2 Form A Contact rating: 5S0W, 500VDC, 1A_ Contact form: 1 Form A Contact rating: 1OW, 100OVDC, 0.54 
Dimension (inch): H0.299 x W0.890 x D0.394 Dimension (inch): H0.453 x W1.142 x D0.551 


Dimension (inch): H0.315 x W0.748 x D0.197 
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thanks to our exclusive 

| low gas-generation tech- 
nology. The maximum 
allowable temperature 


REAL SPACE SAVERS. 


DIP-type MR602 relays 
measure a mere 0.398” (H) x 0.799” (W) 
x 0.398” (D). Side-by-side mounting 
further saves precious board space. 
These beauties come in stick carriers 
for easy auto insertion. 


VERSATILE PERFORMERS. 


We offer two contact forms—2C and 
2D. Also |- and 2-coil latching types. 
Plus high-insulation versions. Contact 
ratings are 60W, 220VDC, 2A; 125VA, 
250VAC, 2A. 

Aside from the remarkable MR602 
series, NEC offers a wide choice of 
advanced relays to satisfy your other 
requirements. 

Come to NEC—a leading source 
of high-performance and high- 
quality relays. 


For further information, please contact: 


NEC America, Inc. 
Electromechanical Devices Department, 
8 Old Sod Farm Road, Melville, New York 11747, USA. 
Tel:516-753-7000. Telex:144658 NEC AMER MELV. 


World Products, Inc., (U.S. distributor) 
19678 8th Street East, Sonoma, CA 95476, 
PO. Box 517, USA. 
Tel:707-996-5201. Telex:WORLD PROD SNOM 171715. 


NEC 
NEC America, Inc. 
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Other ASIC companies brag so far ahead of anybody elses megacells to compiled silicon. 
about how many gates they can they won't know what hit them. NCUBE developed a chip 
pack into an array.Or how much A single chip with logic, mem- with over 160,000 transistors that 
logic they can cram on a PLD. ory, processors, and peripherals. requires no glue logic because the 

They think it's a big deal if And you'll do it faster than processor, communication logic, 
they can shrink 3 boards down you ever thought possible. and all interface logic are integrated 
to 3 chips. , Wang, Tandy, and over seventy on one chip. 

Let's get serious. other leading companies have What good is a tool set 

VLSI nails the competition already used our tools to build without nuts and bolts? 

to the wall. hundreds of chips. Our cell libraries are compati- 
Our tools let you build a chip Everything from gate arrays to ble since they're produced in the 


VAX and MicroVAX are trademarks of Digital Equipment Corporation. Tandy is a registered trademark of Tandy Corporation. 


same 244 CMOS. So you can And whether you buy them, Call VLSI at 800-262-4488. 

even combine standard cells, lease them, or use them at our (In California, call 800-262-4488, 
megacells, and compiled cells on design centers, our ASIC team ~~ Dept. 701.) Or write to us at 1109 
a single chip. will support you all the way. McKay Drive, San Jose, CA 95131. 


You can expect chips designed If you want the right ASIC And start hammering away at 
with our tools to work the first solution to your problem, talk to your competition. 
time in your system. the only place that has them all: , 

You can use them with Apollo, Tools. Programmable logic. Gate VLSI TECHNOLOGY, INC. 
DEC VAX™ and MicroVAX>" arrays. Standard cells. Megacells. NOT JUST YOUR BASIC ASIC. 
Elxsi, HP 9000 Series 300, Mentor, Compiled silicon. And a com- CIRCLE NO 84 


Ridge, Sun, you name it. plete fabrication facility. 


THE ONLY OTHER 
TOOL THAT COMBINES 
LOGIC, MEMORY, 
PROCESSORS, 
AND PERIPHERALS. 


Incorporating a touch activated display 
into your system shouldn't be an after- 
thought. Adding touch is the best way to 
make your product truly interactive, easier 
to use, and better suited for the real world. 

It's no wonder that touch is growing in 
popularity. And used in a wide range of 
applications—from interactive video dis- 
plays in stores, banks, airports, and hotels 
to specialized systems in hospitals, training 
facilities, and factories. 

But it’s important to add the right touch. 
That’s why Carroll Touch developed the 
smart-Frame™ line of low-cost scanning 
infrared touch systems. Featuring a power- 
ful, built-in microcomputer, these add-in 
units provide exceptional functionality and 


3 ‘ reliability at the right price. Just the right 
Start with the right touch. touch for a great design. 


= s . P Discover more about Smart-Frame 
Finish with a great design. products. Contact Carroll Touch today. 


Carroll Touch 


a subsidiary of AMP Incorporated 
In Touch with Technology 
P.O. Box 1309 


Round Rock, TX 78680 
512/244-3500, Telex 881906 


CIRCLE NO 85 Carroll Touch and Smart-Frame are 
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_PRODUCT UPDATE 


12-bit I- and V-output DACs 
spec fast settling times 


Two 12-bit D/A converters, the 
HS9393 current-output model and 
the HS9394 voltage-output model, 
spec settling times (to within a +'4- 
LSB error band) of 50 nsec typ and 
1 sec max, respectively. The cur- 
rent-output device offers full-scale 
ranges of 0 to 4 mA and +2 mA, and 
the voltage-output converter has 
full-scale ranges of 0 to —5 or —10V 
and +2.5, +5, or +10V. 

Note that the HS9393’s 4-mA FS 
output current has particular signif- 
icance when you want to use the 
device in conjunction with an op 
amp to obtain a voltage output. 
Most high-speed, current-output 
D/A converters have higher output 
currents, such as +10 or +20 mA. 
The op amp you use to make the 
current-to-voltage conversion must 
provide output current equal to the 
DAC’s output current plus the load 
current. The 4-mA value thus 
makes it easier for you to find a 
capable amplifier. 

The hybrid techniques used in the 
HS9393 and HS9394 combine a die- 
lectrically isolated current switch, a 
NiCr resistor network, a buffered 
reference circuit, and (in the 
HS9394) a high-speed op amp. The 
converters’ integral and differential 
nonlinearities are +42LSB max, and 
the data sheet guarantees 
monotonicity over the devices’ 0 to 
70°C or —55 to +125°C tempera- 
ture ranges. 

The devices also spec typical 
glitch areas of 3 mA-nsec and 
2.5V-nsec, +1% max initial gain 
error, and initial offset errors be- 
tween +1 and +4 LSB, depending 
on the selected output range. You 
can adjust the gain and offset errors 
to zero by using external potentiom- 
eters. 

Each housed in a 24-pin, metal 
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Dielectrically isolated current switches ac- 
count for the high speed of Hybrid Systems’ 
HS9393 and HS9394 12-bit D/A converters. 
The current-output HS9393 settles a 4-mA 
step to 0.01% in 50 nsec typ, and the voltage- 
output HS9394 settles a 10V step in 1 psec 
max. The HS9393’s low (4-mA) output 
makes it easy for you to find a high-speed op 
amp to use at the converter’s output. 


double DIP, the HS9393 and 
HS9394 dissipate 800 and 1000 mW 
max, respectively. Parts processed 
according to MIL-STD-883C levels 
B or S are also available. Prices 
range from $120 to $175 (100). 
—Bill Travis 
Hybrid Systems Corp, 22 Linnell 
Circle, Billerica, MA 01821. Phone 
(617) 667-8700. 
Circle No 728 


= 


- POWER ... 
OP AMPS. 


‘INDUSTRY'S LARGEST SELECTION f 


14 

MODELS 
OFFER OVER 
54 CHOICES 


@ INNOVATIVE 
NEW 
PRODUCTS 


e MOST MODELS 


IN STOCK +150V/150mA 


za © CUSTOM 


SELECTIONS 
IN ONE WEEK 


e CUSTOM 
MODIFICATIONS 
4-6 WEEKS 


e SCREENING 
OPTIONS: 
e INDUSTRIAL 
e MIL-STD-883C 
e Q-PARTIAL MIL 


1A @200°C 


9A/+28V 
LOW COST 


(800) 421-1865 
FOR OUR POWER 
OP AMP HANDBOOK 


CONSULT EEM/ 
GOLD BOOK/IC MASTER 


FEX 
u tech 
DEDICATED TO EXCELLENCE 


APEX MICROTECHNOLOGY CORP. 
5980 N. Shannon, Tucson, AZ 85741 USA 
France (6)907.08.24 BRD (06152) 61081 
Nippon (03) 244-3511 UK (01) 979 0123 


CIRCLE NO 86 


PRODUCT UPDATE 


CMOS, single-chip 212A modem 


The Am79C12 incorporates a 
UART, a Bell 212A-compatible 
modem, and a 4- to 2-wire telephone 
hybrid on one CMOS IC. You can 
connect the device directly to your 
wP bus and to the telephone line 
through a protective phone-line in- 
terface. For synchronous, 1200-bps 
data communications, setting a bit 
in one of the chip’s internal registers 
lets you bypass the 79C12’s internal 
UART and communicate directly 
with the chip’s modem. 

Two differential, carrier-trans- 
mission outputs and one carrier-re- 
ception input make up the analog 
interface to the telephone line. You 
can ac-couple one of the analog out- 
puts to an external telephone-line 
hybrid or use the differential output 
pair to drive a coupling transformer 
in your protective line interface. 
The carrier-reception input re- 
quires ac coupling to a signal 
source. An additional analog input 
allows you to ac-couple external sig- 
nals into the telephone line through 
a summing junction, which you can 
switch off by setting a bit in an 
internal register. 

When operating at 300 bps, the 
79C12 uses FSK for modulation and 
demodulation. At 1200 bps, the part 
uses differential quaternary phase- 
shift keying (DQPSK). Both of 
these modulation methods are com- 
patible with the Bell 103 and 212A 
modem specifications (for 300- and 
1200-bps communications, respec- 
tively.) In addition, the 79C12 in- 
cludes scrambler and descrambler 
circuitry for 1200-bps operation as 
specified by AT&T. A compromise 
equalizer in the modem is optimized 
for the full range of telephone-line 
quality, from best to worst. By set- 
ting a bit in an internal register, you 
can switch out the equalizer for di- 
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includes UART and hybrid line interface 


eS eee age 


Combining a UART and a 4- to 2-wire line hybrid with a Bell 212A-compatible modem on one 
CMOS IC, the Am79C12 can drastically reduce the number of components you need to 
implement a 300- and 1200-bps modem in your design. 


rectly coupled, back-to-back modem 
testing. 

The 79C12 directly supports 
DTMF dialing. You can connect one 
of the chip’s uncommitted digital 
outputs to the protective line inter- 
face’s hook-switch control to achieve 
a pulse-dialing capability, which is 
controlled by the host wP. The host 
wP can monitor call-progress tones 
(300 to 700 Hz) through the 79C12, 
which indicates the presence of a 
progress tone through both a carri- 
er-detect status bit and an output 
pin. By timing the cadence of the 
progress tone, your software can 
distinguish among dial tones, ring- 
back signals, and busy signals. Re- 
ceipt of an answer-back tone asserts 
a different status bit in the 79C12 
and can cause an interrupt if an 
interrupt-enable bit is set in the 
chip’s control register. 

An on-chip UART supports 5-, 6-, 
7-, and 8-bit characters; odd, even, 
mark, or no parity; and one or two 
stop bits. The UART runs at either 


300 or 1200 bps. Transmitter-ready 
and receiver-ready status output 
pins permit interrupt-driven data 
transfers; a third interrupt. output 
indicates changes in modem status. 
An IRQ-status register indicates 
the cause of this third interrupt. 
Setting a bit in one of the internal 
registers lets you bypass the UART 
and use the 79C12’s serial input, 
output, and clock pins for synchro- 
nous data communications. 

The 79C12 is currently available 
in a 40-pin DIP and costs $48 (100). 
The company plans to offer the de- 
vice in a 44-lead PLCC package by 
the first quarter of 1987. An applica- 
tions handbook (order number 
08702A), available from the company, 
contains several design suggestions 
for the 79C12 and includes a circuit 
for a protective phone-line interface. 

—Steven H Leibson 

Advanced Micro Devices Inc, Box 
34538, Sunnyvale, CA 94088. Phone 
(408) 732-2400. 

Circle No 729 
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AN OPEN AND SHUT CASE FOR VME. 


DIN connectors are terrific for long life and 
resistance to corrosion, but they also resist being 
plugged in and out. 


Your average VME card with 192 pins, for 
example, may take about 24 pounds fo get out of 
your card cage. That's a lot of force fo apply with a 
couple of fingers. 


Scanbe has two fixes for the problem. Pick one or 
the other, or both, depending upon your packaging 
Situation: 


E-Z-JECT is a replacement for a standard VME 
front panel. It has a hinged handle that lets you pop 
out a VME card from its backplane without the yanking 
and struggling you're used fo. It works in any standard 
VME card rack. It’s the way the VME front panel should 
have been designed in the first place. 


$-217 is an injector/ejector system that gives you 
q lot of leverage—about 3.5 to 1—for the easiest 


insertion and ejection of cards without front panels. 
It's a great help for 6U cards and it’s the ultimate 
answer if you’re using 9U cards. (If you're using Euro- 
cards, you should be talking to us about our versatile 
standard and mixed-height Eurocard cages. ) 


Or you can use both. Our newest VME card cages 
let you intermix S-217 and E-Z-JECT. 


So there’s no mystery at all to getting VME cards in 
and out of your system. Just call Scanbe foday for 
the solution: 


800-227-0557 Ceese78500 


LEADERS IN PACKAGING TECHNOLOGY 


3445 Fletcher Ave., El Monte, CA 91731-3001 
TWX 910 587 3437 
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Revealed: 
older and crim 
ompatibility. 


Amphenol’ 97 Series circulars 
with solder or crimp contacts 
are fully intermateable and 
intermountable. 


Amphenol 97 Series circular connectors let you choose 
the termination method that’s right for you. So/der for 
applications requiring MIL-C-5015 Certification. Crimp for 
applications where the economies of high speed auto- 
matic termination can be realized. 

Either way you get a rugged metal shell, machined 
coupling threads and UL component recognition over a 
wide variety of insert configurations. 

You also get flexibility that lets you change your mind 
without changing your design. Because 97 series crimp 
and solder connectors are fully interchangeable with each 
other and with MIL-C-5015 connectors. 

97 series connectors offer you a choice from 14 sizes of 
solid shell receptacles in wall mount, cable mount and box 
mount styles. And a selection of straight, quick disconnect 
or angle plugs with solid or split backshell construction. 

Add our full range of accessories, including splash-prooi 
backend hardware and you'll understand why Amphenol 
97 Series circular connectors have been the low cost com- 
mercial standard for over 25 years. 

For more information, prices and delivery, contact your 
nearest Amphenol Products sales office. 


Amphenol Products world headquarters: 
Lisle, IL 60532—USA—Telex: 190215 


CANADA: Montreal, (514) 482-5520 « Ottawa, (613) 226-2727 « Toronto, 
(416) 291-4401 - Vancouver, (604) 278-7636 


EUROPE: Austria—Vienna, (43) 222-951511 » England—Whitstable 
(44) 227-264411: Romsey, (44) 794-517575 » France—Dole, 

(33) 84-728113; Suresnes, (33) 1-7729113 + W. Germany—Heilbronn, 
(49) 7131-4861 + Italy—Arese, (39) 2-938-5161 + Netherlands— 
lisselstein (31) 3408-87844 - Spain—Barcelona, (34) 3-237-3100 » 
Sweden—Upplands Vaesby, (46) 760-88035 


FAR EAST: Hong Kong—Kowloon (852) 3-681283 « India—Poona, 
83363 » Japan—Tokyo, (81) 3-379-2111 


p 


Amphenol 
Products 


—— GALLIED 
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FOR THE TRUE MEMORY 
29 TEMPTING ENTREES. 


We know you. You're the kind of person who 
has an appreciation for life’s finest. 

Fortunately, there’s one memory establish- 
ment that caters to these tastes. Vitelic. 

We feature a complete menu of gourmet 
CMOS memory. Each one can help make your 
system truly delectable for your customers. 

For starters, consider 3 generations of 
CMOS SRAMs with speeds as fast as 25ns. And 
3 generations of CMOS DRAMs including a 
IMB chip family. 

They're all fast parts with industry standard 
pin-outs for use in a wealth of different appli- 
cations. Like portable lap top computers; robots: 
mainframes; telecommunications systems: 
numerical control machines; CAD/CAM and 
graphics systems; even gas pumps. 

Now we get to our piéce de resistance. 

For the connoisseur of clever circuit designs, 

we offer Vitelic Smart Memories” Until now, 
youd have to whip these up on your own. 

But we've taken all the ingredients and com- 
bined more circuitry and peripheral functions 
ona single chip. Achieving faster processing 
with less power and fewer parts. All of which 
helps you add enhanced functions to increase 
system performance while lowering system cost. 

These Smart Memories include a broad 
selection of feature-packed dual port SRAMs. 
And both video RAMs and static column 
or ripple mode DRAMs for advanced graphics 
applications. 

In sum, we have 29 different selections. 

No matter which you order, you can always be 
assured of the inherent benefits of CMOS. 
Such as low power; improved noise immunity; 
and enhanced reliability. All while maintaining 
TTL compatibility, 

What's more, you can always count on 
the courteous service you'd expect from a finer 
establishment. Like engineers who assist 
you in realizing your unique circuit designs. 


64Kx1 Ripplemode D 
100/120/150ns 


22 mA. OPER, 
10 vA. STANDBY 


yeicez 
16Kx4 High Speed SRAM 
45/55/7008 
80 mA. OPER. 
4A. STANDBY 
voices 
- §Kx8 High Speed SRAM 
. pe & 
80 mA. OPER, 
4A. STANDBY, 
62064 
Fo IbOrDO/SO 
— FOAOO/Z0/1O0nS 
35 mA. OPER, 
2 pA. STANDBY 
veces 
— 64KxLSRAM — 
3S/A5/55n8 
50 mA. OPER, 
OA A. STANDBY 
gee 
46 Kx4 SRAM ~ 
gsias/Ssus 


And, of course, fast delivery of your order. 

SO now you're probably wondering, ‘‘What’s 
for dessert?” Let’s just say you can look forward 
to Vitelic register RAMs, high-density smart 
FIFOs, IMB video RAMs, memories with on-chip 
parity, CAM, and plenty of other tasty offerings. 

You can also look forward to something 
else from Vitelic. A reliable, continuous source 
of CMOS memory. Each one competitively 
priced and guaranteed to be something you'll 
savor long after your purchase. 

To more closely examine our menu, give 
us a Call at (408) 433-6012. We'll send you our 
data book filled with all the really fresh ideas 
we ve been cooking up. And don't hesitate 
to call If you already see something that tempts 
you. We're ready to take your order. 
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GOURMET WE OFFER 


2Kx8 Dual Port 5B i 
V5ICLS/ ; ae 25/35/50 55/7 ER 7 
Ae a DRAM. = — A. OPER. AQ) wish. y 
ate mA. OPER. vercos Lee Turbo 
20 pA.S fANDBY 1Kx9 Pipelined FIFO IKx9 Dual ae : 
¥51C259 48/20/25"5 $5/ OPER 
64K x4 Static seve cae pe a ANDBY 
100/120/150/2008 
A. OPER., 
ae STANDBY 
V62C156 
{00/IZO/IU0S 50 mA. OPES 
4omA.OPER, =o 500 pA. STANDBY V6IC32 
SBY - 500 # SRAM 
2OUASTANDBE 2Kx8 Dual Port 
_ §5/70/99ns 
65 mA- OPER, 
3 ph. STANDBY 
V5IC26F" 
video R M with serial VO, 
— GAKxA 
eee 
95 mA. OPEF 
500 pA. STANDBY 
Vy5iC264” 
Video RAM, 64Kx4 
y20/150ns 
75 mA. OPER. 


*These selections may require extra time. Please allow at least 3 months-for preparation. 
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WwW VITELIC 


Taking The Lead 
In Advanced CMOS Memory. 
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CMOS LOGIC FROM THE 
MANUFACTURER OF 


Comp, (816) 221-2400, (800) 821-2915, Milgray Electronics, inc., (913) 236-8800, Sterling Electronics-Kansas, (913) 236-5589, Time Electronics 
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WORLD'S LARGEST 
CMOS. TOSHIBA. 


But if you don’t have our CMOS LOGIC data 
book, how could you know we’re that strong? 


Toshiba is a CMOS logic pioneer, 
and in the 15 years since we first 
developed our cMos logic line, we’ve 
become one of the world’s largest 
suppliers. 

Toshiba offers the most compre- 
hensive cmos logic line available. 
From the standard 4000/4500 series up 
to our new highest speed 74 HC series 
— tomorrow’s standard logic family. 
With its high noise margin, high 
speed and low power consumption, 
the 74 HC series creates efficient 
device opportunities for designers of 
high speed portable instruments, tele- 
communications equipment, or any 
digital system. 


WE WROTE THE BOOK 


It’s all in our book. Detailed speci- 
fications on our complete line. Our 
book is the definitive source for the 
newest and best in cmos logic. If you 
don’t have a current copy, get one 
today. 

And remember, you can order 
Toshiba logic with confidence. Confi- 
dence that Toshiba can ship higher 
volumes of CMOS logic than anyone 
else. 


And ship it on time at compett- 
tive prices. Confidence, too, that 
Toshiba ships only quality assured 
products. 

So when you select logic, talk to 
the people with the power. Talk with 
Toshiba. 


2mA/ 
6mA 


*Data believed to be accurate and representative of each logic family. 


TOSHIBA. THE POWER IN LOGIC. 


Logic Marketing Manager 
2692 Dow Avenue 
Tustin, CA 92680 


Send me your data book detailing the newest and best in CMOS Logic. 


Name 


| City ____ESSSSSSSSSSSSSsSState —_____. TAR ores | 


Midwest, (314) 391-6444; NEVADA, Integrated Electronics, (916) 424-5297, Time Electronics-Nor/Cal, (408) 734-9888, Western Microtechnology, (408) 725-1660; NIW HAMPSHIRE, Cronin Electronics, inc., (617) 449-5000, Milgray/New England, inc., (617) 272-6800, Sterling Electronics-Boston, (617) 938-6200, Time Electronics: 
609 3 : ics-So. Plai 7000, 


New England, (617) 532-6200, Western Microtechnology, (617) 273-2800; NEW JERSEY, General Components, Inc., 
(516) 273-0100; NEW MEXICO, Sterling Electronics-Albuquerque (505) 884-1900, Time Electronics, (602) 967-2000, Western Microtechnology, (602) 
OUTH ~ 


rated Electronics, (206) 455-2727, Time Electronics, (206) 882-1600, W BL Goold Electr 


Int ; lestern Microtechnology, (206) 881-6737; 
(312) 350-0610; CANADA, Carsten Electronics, Ltd., (613) 726-9250, (416) 495-9999, (416) 4 


, (206) 881-6737; 5 
195-7705, (514) 334-8321, Space Electronics Sales 
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948-4240; MEW YORK, Milgray -5400, ; 

04) 522-7600: NORTH/SOUTH DAKOTA, Reptron, (612) 938-0000, Time Electronics, (612) 944-9192; OHIO, Milgray/Cleveland, Inc., (216) 447-1520, (800) 321 
214) 241-7441; OREGON, : 

‘ onics, (215) 337-0900, (614) 761-1100; RHODE ISLAND, Cronin Electronics 

617) 938-6200, : 32-6200, Western Mi , Milgra 404) 393-9566, Resco Raleigh, (9 

(512) 836-1341, (214) 243-1600, Time Electronics, (214) 241-7441, (713) 530-0800; UTAK, Integrated Electronics, (801) 298-1869, Sterling Electronics-Denver, (303) 796-7338, : ay/New 

Boston, (617) 938-6200, Time Electronics-New England, (617) 532-6200, Western Microtechnology, (617) 273-2800; VIRGINIA, Milgray/Washington, inc., (301) 621-6169, (800) 638-6656, Resco ’ -5700, Sterling Electronics, 6-2 lectronics, ( -3090; WASHINGTON, 

i WISCONSIN, G ji 3.3220, integrated Electronics Corp./Chicago, (312) 843-2040, Milgray/Chicago, inc., (312) 350-0490, Reptron, (612) 938-0000, Time Electronics, (612) 944-9192, 


Onics, 
Corp., (514) 697-8576, (416) 636-8814, (613) 596-5340, (604) 294-1166. 


Electronics, Inc.,(516) 420-9800, (716) 385-9330, Rome Electronics, (315) 337-5400 Semispecialists of America, (516) 293 3 
Reptron, 
Time Electronics, (503) 684-3780, Western Microtechnology, (503) 629-2082; PENNSYLVANIA, General Components, inc., (609) 768-6767, 
ics, inc., (617) 449-5000, Milgray/New England, Inc., (617) 272-6800, Steriing Electronics-Boston 
19) 781-5700, Time Electronics, (404) 448-4448; TEXAS, Milgray Electronics, Inc., (214) 248-1603, 
Time Electronics, (801) 973-8181; VERMONT, Cronin El 
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30386 microprocessor has 

dis set to play an important role in high- 
nd, high-performance products. Due to wider 
es and higher clock speeds, complex 80386 
target systems now require more powerful 
_ developing and debugging tools. Selection of a good 
development system and emulator will be critical in deter- 
mining whether or not 80386-based products are completed 
on schedule and within budget. 


MICROTEK’S U.S. service, sales and marketing arm, 
NEW MICRO, now has the MICE-32/ 80386, a portable 
emulator that can run with any IBM- 
PC/XT/AT personal computer or compati- 
ble, VAX, and MicroVAX through parallel or 
serial interface. Or can stand alone 
with a terminal. 


Look at these features: 


* Completely self-contained 
standalone emulator 


* User-friendly command structute 
¢ Emulation to 32 MHz 

* “Snapshot” conditional, time-stamped trace 
256K Bytes soft mapped emulation memory 


* Powerful symbolic debugger with user definable 
procedures under PC/MSDOS, VMS and ULTRIX. 


Other processors supported by Microtek 

80286, 80186, 80188, 8086, 8088, 68000, 68010, 

68008, 280, NSC800, 8085, 6809, 6809E, 6502 : 

(40 and 28 PIN) 8032, 8051, 8031, 8344, 8048, New Micro, Inc. 


16901 So. Western Avenue 
8049, 8050, Z8, SUPER 8 Gardena, CA 90247 


1-800-233-6048 
In CA: (213) 538-5369 


SEE US AT WESCON BOOTHS 3645-3647 


* IBM PC and PC-DOS are trademarks of IBM Corporation. VAX, MicroVAX, ULTRIX and VMS 
are trademarks of Digital Equipment Corporation. UNIX is a trademark of AT&T. 
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READERS’ CHOICE 


Of all the new products covered in EDN’s September 4, 1986, issue, the ones reprinted here generated the most 
reader requests for additional information. In case you missed them the first time, find out what makes them 
special: Just circle the appropriate numbers on the Information Retrieval Service card, or refer to the indicated 


pages in our September 4, 1986, issue. 


VISION SYSTEM V 


The Viewflex vision 
system provides a 
hardware and soft- 
ware package that 
allows your com- 
puter to process 
visual data and rec- 
ognize as many as 
255 objects in a sin- 
gle scene (pg 224). 
Eshed Robotec 
Ltd. 

Circle No 602 


DIGITAL OSCILLOSCOPE A 


The 4-channel R4X4 digital oscilloscope 
combines the high sampling rates and 
triggering capabilities of a stand-alone 
scope with the flexibility and low price of 
a PC-based peripheral (pg 114). 

Rapid Systems Inc. 

Circle No 606 
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MENU 
EDITOR > 


The FirstMenu 
program replaces 
the DOS prompt 
with a system of 
menus, offering an 
alternative way to 
call up DOS com- 
mands on IBM PCs 
and compatibles 
(pg 277). 

Harvey. 

Circle No 605 


REFERENCE IC 


The AD588 monolithic voltage-reference 
IC specs +1-mV max output-voltage error 
and +1-ppm/°C max output-voltage drift 
in its premium-grade version (pg 117). 
Analog Devices Inc. 

Circle No 601 


FSK RECEIVER 


The SM450, a low-power radio receiver for 
direct FSK data-transmission systems, 
has an output data rate of 4000 bps max 
(pg 235). 

Siltronics Ltd. 

Circle No 603 


FirstMenu 


READY-TO-RUN MENUS THAT ALLOW USERS TO START ANY PROGRA! 
RATER one - COMMAND. VATH SB bce wages SS 
BM ahd Compatiien 9g BOS ZS sont GF 


ful tiplan § as ads or u 

DRSSE bata Kanagenent 

R:BASE 5086 Dats Hanagewent # i | gaa 

General Ledger if 

Payroll Ledger Belete 

accounts Receivable Ledger # Esi 
ounts Fayable Ledger : 


sstalk Commniestions 
Paint Brush Progra 
2 sett Windows 
He ene Ronher eastieg 
Brin sre 
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<¢ ENHANCEMENT BOARD 


The Little Dictator enhancement board 
allows you to control IBM PCs and com- 
patibles with voice commands, converting 
the commands to computer instructions in 
0.2 sec (pg 248). 

Computer Peripherals Inc. 

Circle No 604 
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Miniatures. Sectional. 
Tubular. Flat base. In virtually 
every configuration and com- 
bination. High quality, high 
density terminal blocks from 
Kulka that meet every design 
requirement you can think of. 

Take our miniature high 
density series for example. 
Available in 5 and 10 mm 
Spacings, they’re engineered to 
meet all critical international 
regulatory standards. And 
include safety and quality 


DIAUGHT cor 


DIALIGHT = KULKA = HHSMITH ———— 


A North American Philips Company 


Kulka. More choice in 
high quality, high density 
terminal blocks. 


features like dead front 
construction and wire pro- 
tection as well. 

Or our high density sectional 
series available in sizes from 6 
to 22 mm. Advanced fuse 
blocks, switch blocks and con- 
tact sections all designed with 
tin-plated copper alloy conduc- 
tors, anti-vibration tubular 
Clamps and a mounting foot 
adaptable to 3 standard DIN 
channels. 

And for truly custom applica- 


PORATION 
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tions, we'll dedicate the design 
versatility that inspired the full 
range of Kulka products to 
creating a terminal block that 


‘meets your every specification. 


Call us today, at (201) 
223-9400 or write, Kulka, 1913 
Atlantic Ave., Manasquan, NJ 
08736. Either way you’re sure 
to discover more. More inno- 
vative design. More high 
density terminal blocks. 

More quality. More choice. 
Only from Kulka. 


Finally, Component 
Cooling Designed 
Into A System, Rather 
Than Added On. Unique © 
ThermaPro-V Circuitry 
Makes Possible Voltage 
Regulated, Programmable 
and Thermally Speed Controlle 
Brushless DC Fans. 

Only from Comair Rotron! 


THERMAL SPEED CONTROLS ooo ooo 


Before the invention of ThermaPro-V 
Forced Convection Cooling Technology, 
changing fan airflow as a function of 
temperature meant complex circuitry and 
components external to the fan. Costs 

_ increased, reliability decreased and the 
engineer was faced with added space 
requirements. 

The result: few systems included 
temperature controlled fans. Designers 
chose fans for their worst-case airflow 
needs. Fan noise remained higher than 


Meee oC eae 
Ao ee eh 
Peano. see eee 
jie ee 
RANE 


STATIC PRESSURE —INCHES OF WATER 


.¢) 20 40 60 120 
AIRFLOW — CFM 
For most applications, the lower performance was 
acceptable. Since the fan was specified for worst- 
case conditions, the higher performance fan was 
used, creating unnecessary noise and power 
consumption. 


Available 


COMAIR 


necessary. Power requirements increased. 


With the remarkable ThermaPro-V 
technology, a single thermistor is used to 
program the fan’s voltage regulator. Heat 
and noise are reduced, energy is saved 
and reliability increases. 

ThermaPro-V Thermally Speed Con- 
trolled fans are voltage regulated — as 
are all fans that use ThermaPro-V 
technology — minimizing performance 
changes caused by power supply output 
fluctuations. 

Engineers need specify only a single 
product, with a single part number, to 
obtain thermistor-programmed thermal 
speed control. Thermally speed con- 
trolled ThermaPro-V fans include two 
power leads, plus a control and return 
lead that are connected to the thermistor. 

Often, a ThermaPro-V thermal speed 
control fan allows the system designer to 
reduce the number and size of passive 
heat dissipating SOA ONONES, thus saving 
money and space 
and reducing system 
complexity. 

Using Comair 
Rotron’s Therma- 
Pro-V technology, a 
fan’s airflow can be 
adjusted to provide 


After 
‘ThermaPro-V 


Voltage 


Range Ainlow | aBA | Airflow | GBA | Airflow 


Beiore 
age = te fete fete 
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FORCED CONVECTION 
COOLING TECHNOLOGY 


additional cooling under worst-case con- 
ditions or extreme environments, while 
not sacrificing efficient system design. 


> 


nv 
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A 


STATIC PRESSURE —INCHES OF WATER 


 aneeee CFM 


ThermaPro-V Thermally Speed Controlled fans, 
such as the Muffin DC allows minimum noise for 
most applications, while automatically providing 
needed cooling in extreme environments. 


at 25°C : 
0” H, O 


peels fale 


ROTRON 


@ KLI company 


For literature only, call (800) 431-6033. In NY State and for technical assistance, call (914) 246-3615. 
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Before ThermaPro-V, the engineer 
designed around fan manufacturers’ stan- 
dard performance products. If a system 
required two airflows, say 50 and 100 
CFM, two different fans were required. 
And since the performance range of typi- 
cal brushless DC fans was +20% at best, 
the engineer might end up specifying 
several fans for the same system to 
accommodate changing cooling needs or 
environments. 

It was possible to change the perform- 
ance of a brushless DC fan, but only by 
altering the input voltage to the fan. 
Expensive circuit redesign, or a series 
voltage dropping device, were required, 
increasing system heat and reducing 
peeniiity. Voltage to the motor control 


STATIC PRESSURE —INCHES OF WATER 


AIRFLOW — CFM 


Typical 4.7” brushless DC fan. Maximum perform- 
ance range +20%. 


VOLTAGE REGULATION @ & & 


Before ThermaPro-V, engineers speci- 
fied fans for the fan’s typical performance 
under the worst of circumstances: 
minimum airflow at the lowest expected 
voltage. As a consequence, the fan 
usually delivered more air than required 
and created higher noise levels than 
necessary with larger power consumption 
than planned. 

The problem was system induced, or 
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AIRFLOW — CFM 


Typical 4.7” brushless DC fan performance 
changes resulting from power supply voltage 
fluctuation. 


ThermaPro-V patent pending. 
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circuitry dropped and the engineer found 
the fan’s performance range reduced 

Before ThermaPro-V, the solutions 
created problems that often forced 
redesign of system cooling, even though 
the solutions offered little more than the 
original design. 
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ThermaPro-V Programmable Muffin DC has 
greatly increased performance range, reducing 
user inventories. Single fan may be customized 
over wide number of applications. 


ThermaPro-V technology provides true 
programmability, with vastly extended 
performance ranges, simplified system 
circuitry, drastically reduced specifica- 
tion needs and highly flexible program- 
ming options. 

Programmable ThermaPro-V fans ac- 
commodate external resistors, pulse 
width modulated signals, zener diodes, 


externally produced, voltage fluctuations. 
When switching power supply loads 
changed, the fan input voltage changed, 
thus creating airflow differentials and 
noise increases. 


STATIC PRESSURE —INCHES OF WATER 


AIRFLOW — CFM 


Typical Muffin DC fan with ThermaPro-V 
technology. Performance remains constant in 
regulated voltage range, even if power supply 
output voltage fluctuates. 

Voltage fluctuations could produce 
changes as high as +20% of the fan’s 
nominal airflow. Under many circumstan- 
ces, precise cooling, with predictable 
noise and power levels, was impossible. 


thermistor response and other program- 
ming techniques through a single added 
control lead wire connected to ground. 

With ThermaPro-V, the system tells 
the fan what to do, rather than the fan 
limiting the cooling efficiency within the 
system. 

The system designer can now specify a 
single fan and program it by application. 
ThermaPro-V programmable fans typi- 
cally offer performance from —70% to 
+20% of nominal airflow. For example, a 
4.7" x 1.25” ThermaPro-V programmable 
fan can deliver airflows between 30 and 
112 CFM. 

While ThermaPro-V increases flex- 
ibility, it simplifies system design. Vary- 
ing of oes voltage is eliminated; the 


r ee = Regulated] Sei Ei 


fan’s Hanes voltage oiler is spans 
programmed via the single control lead. 

And instead of several fans, a single 
ThermaPro-V programmable fan can be 
specified to cover a broad range of air- 
flow needs. 


ThermaPro-V technology has solved 
the problem of voltage fluctuation 
forever. Internal ThermaPro-V voltage 
regulation circuitry controls fan motor 
voltage within extremely narrow param- 
eters under virtually all operating 
conditions. 

Within the internally programmed 
regulated voltage range, performance 
remains essentially constant. With con- 
sistent airflow, noise does not increase. 

Both cooling performance and noise 
generation can be tested and predicted, 
thus creating stable, engineered results 
that will remain consistent in the field. 

The unique ThermaPro-V voltage 
regulating/current limiting circuit keeps 
start-up and locked rotor currents low. 
Comair Rotron has included the circuit 
in all its fans that use ThermaPro-V 

technology. 


Typical 4.7" 
Product 


i Before 
ThermaPro-V | 


©1986 Comair Rotron, Inc. all rights reserved. 
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NEC Connector 
The 


Right Connections. 


Check out 
NEC’s NFC 
Connector for 
efficient and 
reliable optical 
fiber connections at a really competi- 
tive price. The NFC is plug-com- 
patible with the FC Connector — 

well known as a small, depen- 

dable connector — and gives the 

same performance at much 
lower cost. 

The NFC Connector 
handles everything from 
singlemode to multimode fibers, for 
any application you can name. It is 
available in made-to-measure sets, or 


West Germany: Dusseldorf 02 11/65 03 01, Telex 858 996-0 
The Netherlands: Eindhoven 0 40/44 58 45, Telex 51923 


France: Paris 01/39 46 96 17, Télex 699 499 

Italy: Milano 02/67 09 108, Telex 315 355 
Sweden: Taby 08/73 28 200, Telex 13 839 

UK: Milton Keynes 09 08/69 11 33, Telex 777 565 
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as a four-part 
kit for easy 
field installa- 
tion. Typical 
losses in the 
NEC are not higher than 1 dB, and 
the connection is extremely resistant 
to mechanical and environmental 


shock. pies. 
NEC's optical i aia ess | ee | teen 
Mode Mode Mode 
er eels 
acCKed U 
Pa 


a line of instal- 
lation kits and assembly tools, plus 
the professional applications support 
and service you expect from a world- 
wide leader in electronics. 


NEC 
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ABBOTT'S COMPLETE LINE OF SINGLE AND 
TRIPLE OUTPUT 200 kHz SWITCHERS. 


If your power supply requirements call for 100 watts for 
use in virtually every military application, whether it’s airborne, 
shipboard, ground support or aerospace, you're right on target 
with Abbott. 

Designed and built to meet the demands of MIL-STD- 
810C (environment) and MIL-S-90IC (shock ), Abbott's 
100-watt power supply models operate at 200 kHz for 
maximum efficiency, at the same time keeping EMI within 
the limits of MIL-STD-46 1B. 

Every unit features low ripple and noise specs as well 
as a low-profile, hermetically sealed case. Add a wide array of 
options that increase the versatility of Abbott’s 100-watt power 
Supplies and you've got the solution to your power Supply 
requirements |00 percent of the time. 

For a copy of Abbott's new, 112-page 1986 Military 
Power Supply Catalog, call or write today. Abbott Transistor 
Laboratories, Inc., Power Supply Division, 5200 West Jefferson 
Bivd., Los Angeles, CA 90016 (213) 936-8185. Eastern Office: 
(201) 461-4411. Southwest Office: (214) 437-0697. London 
Office: 0737 82 3273. 


MODEL 
DIMENSIONS 
INPUT 


OUTPUT 
single 
triple 


SWITCHING 
FREQUENCY 
EFFICIENCY 
RIPPLE/NOISE 
LINE & LOAD 
REGULATION 
EMI 
ENVIRONMENT 


INPUT 
PROTECTION 
TEMPERATURE 
operating 
storage 

MTBF* 


(minimum— 
ground benign) 


*MIL-STD-217D (50°C baseplate) 


WM 100 
1.875"x4"x7.5" 
320-480 Hz 
15Vac 

+ 10% 

100 watts 
5,12,15,24,28V 
5+ 12Vor 
5+15V 


200 kHz 
65 %-80% 
0.5%-2% 


10 mV 
MIL-STD-461B 
MIL-STD-810C 
MIL-S-901C 


MIL-STD-704D 
-55°C to + 100°C 


-65°C to + 125°C 
99,408 hours 


WHEN RELIABILITY IS IMPERATIVE. 


MILITARY POWER SUPPLIES 
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MB100 
1.875"x4"x7.5" 
47-65 Hz 
15Vac 

+ 10% 

100 watts 
5,12,15,24,28V 
5+ 12Vor 
5+15V 


200 kHz 
65.%-80% 
0.5%-2% 


10 mV 
MIL-STD-461B 
MIL-STD-810C 
MIL-S-901C 


MIL-STD-1399 
— 20°C to +71°C 


— 55°C to +85°C 
97,935 hours 


BC100 

1.875" x4"x7.5" 
dc 

22-32V de 

100 watts 
5,12,15,24,28V 
5+12V 

5+I15V 


200 kHz 
65%-80% 
0.5%-2% 


10 mV 
MIL-STD-461B 
MIL-STD-810C 
MIL-S-901C 


MIL-STD-704D 
— 55°C to + 100°C 


-—65°C to + 125°C 
140,000 hours 
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LEADTIME INDEX 


Percentage of respondents 


% 
re) . x 2 a % 
oe +. 25 i S ae 
A WAM SS 

ITEM e % % % % % BB b% 
TRANSFORMERS 
Toroidal 0 27 46 =#27 ~« § += O 85 93 
Pot-Core BB 33 34 25 8 0 73 96 
Laminate (power) 7 20 40 33 +=#6 +O &&8 66 
CONNECTORS 
Military panel ie) OQ 7 0 O 25 138 13.1 
Flat/Cable 2 39 40 #9 G@ O 46 46 
Multipin circular 0 31 64 :=#15 + #© + ##O 74 10.4 
PC 7 33 40 20 8 0 FF 58 
RF/Coaxial 18 35 88 12 + G 0 64 59 
Socket 30 #25 4) 15 @ 0 &3 53 
Terminal blocks 1 35 9 20 Gg O 63 44 
Edge card — Ee Ce ee Oe 
Subminiature 20 13. & 7 7. # O F383 6.4 
Rack & panel 29 9 & 18 3 0 Gg 73 
Power 8 31 4 #15-8 +O 82 60 
PRINTED CIRCUIT BOARDS 
Single-sided 0 48 52 O 0 O 51 4.8 
Double-sided o 50 8 0 68 0 66 5.8 
Multilayer 5 14 62 24 Gg 0 Go 88 
Prototype Oo 8 7 #o0 G8 +O 389 29 
RESISTORS : 
Carbon film — MER fee 6 OER 
Carbon composition 46 17 25. 12 0 0 4.3 46 
Metal film 42 21 33 4 0 0 28 3.9 
Metal oxide _ te oe ee. CEE 
Wirewound — Ee «2 Be OE 
Potentiometers 2 46 2 15 «§ +O G8 66 
Networks — ee Fe ee Oe 
FUSES 

— oe moe OO 
SWITCHES 
Pushbutton 14 33. 34 19 #=@G O 64 5.1 
Rotary 5 30 968 30 @ OO 62 69 
Rocker 20 30 3 15 0 O $8 5.9 
Thumbwheel © 42 42: 16 9 +O. 68 83 
Snap action 1 #33 42 #8 @€ 0 Ga 49 
Momentary 7 36 46:14 +9 +O Ga 46 
Dual in-line 15 31 28 16 0 0 62 3.7 
WIRE AND CABLE 
Coaxial — te | Ce OO: 
Flat ribbon 27 41 28 5 4 0 4s 38 
Multiconductor S65 24 98 6 &€ O0O 5&4 38 
Hookup 4. 041 112 4 1g 20 19 
Wire wrap 4. 29 241 =#7 8 0 Gt 31 
Power cords Ee Fe re UE 
Other 22 #34 8 22 € 0 65 74 
POWER SUPPLIES 
Switching 6 18 4 35 9 0 44 94 
Linear 14 21 43 = 22 0 0 732 8.0 
CIRCUIT BREAKERS 

= EE - Ele. ee CE 
HEAT SINKS ie 

29633 29 #9 € +O 45 5.1 
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_ Communication/circuit 8 15 


ITEM 

RELAYS pre 

General purpose 20.02O(«15 

PC board 7. 

Dry reed 

Mercury 10 

Solid state 6 19 3 
DISCRETE SEMICONDUCTORS _ 
Diode 2 32 2 it 
Zener = Bia fh 
Thyristor COS 17 
Small signal transistor 24 19 14 
FET, MOS . BE 20 
Power, bipolar 21 16 16 


INTEGRATED CIRCUITS, DIGITAL 


CMOS 2a a 
TTL 29 25 2 17 
LS oo. 21 2a «(17 


INTEGRATED CIRCUITS, LINEAR 


_ OP amplifier 2.2 2 
_ Voltage regulator = 32 8 20 


MEMORY CIRCUITS | 


_RAM 16K 262231 

_RAM 64K 2 2 

_ RAM 256K 25 25 
_ROM/PROM 213 

_ EPROM = FE 

_ EEPROM 20 27 
DISPLAYS 3 

_ Panel meters 6 15 

_ Fluorescent _ Oo A 

_ Incandescent “0 : 13 

_LED EE 

_Liquid crystal 8 23 
MICROPROCESSOR ICs 4 
8-bit 8 48 (4 ~=i19 
16-bit 6 41 28 18 


FUNCTION PACKAGES | 
Amplifier O 2 3 37 


Converter, analog to digital oO 25 50 29 
_ Converter, digital to analog 0 2 42 33 


LINE FILTERS 


CAPACITORS 


Ceramic 
Ceramic monolithic 


Ceramic disc 29 8 46 7 
_ Electrolytic AA 32 “28. «12 
_ Tantalum 10 30 41~+~«215 
INDUCTORS 


12. 


oO;/O};O};/O;O 


O;O;O!;}O;O];O 


O};O;/O;O;0O;O 


O;O;O};}O/;/O 


O:|) Oe] OF OC oc 


_16 69 
2) 7.0 


Source: Electronics Purchasing magazine's survey of buyers 
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IT’S NO LONGER 
A WAITING GAME IN 
CAE/CAD. 


rf sive circuit capture/schematic design featurin 
N OW S THE TIME a unique caemesive data praca g Redboard™— 
TO M A KE YOUR MOVE for powerful PCB design with “‘big-system’’ 
automatic placement, auto-routing, and design 
TO REDCAD re checking 
2 Together, they transform your IBM PC® into 
It’s no easy game deciding when to move a full engineering workstation that’s fast, 
into CAE/CAD. Venture too quickly, you run affordable, and easy to use. 
the risk of obsolescence. Delay too long, you So 7 waiting. Move to REDCAD.. .your 
fall behind the competition. eee winning strategy for design 
Until now. ..by advanc- success. Call us for a 
ing your PCB design to . AT , demonstration. 
REDCAD, you put your- : | 


self on the proven path ; 5 : 
to shorter design time, =a —_ 


greater accuracy, higher 

productivity, and much } — <> 

improved documentation. a RACAL-REDAC 
REDCAD brings into play : Lyberty Way 

two powerhouse packages. - | Westford, MA 01886 

Redlog"— for comprehen- me "mm = Tel: (617) 692-4900 
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niques, c 

design and S eanulactining § inno-- 
itions, have resulted ina line © 

_ of power supplies of the highest 

possible quality. Anything fess is 


news sadd u up to the best news and great 
you — the absolute certainty that 
when you specify POWER-ONE, © 


you've selected the best! 
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born in Europe 
approach to ASICs, 


A new force with new ideas and new 
capabilities. Advanced Silicon Corporation: a 
full-service custom-IC company. The industrial 
partner that can help you define your 
specification and deliver fully tested 
production-quantity ICs in just a few months. 
Enabling you to have better, more reliable 
systems earlier on the market. Simpler, quicker, 
cheaper than you think! 


Turn systems containing over 100 000 
transistors into tailor-made VLSI circuits. 
With a choice of processes and foundries «A 
to fit your application exactly. ee 


Let one of our é 
marketing engineers be the 
interface in translating your “}ar 
system ideas into silicon. He'll supervise the 
design from spec to silicon — and beyond. 
Ready to adapt as market conditions dictate, 
keeping your product on the leading edge. 


The new force in ASICs is: 
Advanced Silicon Corporation (ASiC) 
Villa “Waalheuvel” Riksstraatweg 24 
6574 AD Ubbergeii The Netherlands “0... 
Tel: 31(0)80 228212 Telex: 48592 asic nl scro 
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. Stuff it! 


That’s right. Now you can add PC-AT 


functionality to your systemby 
stuffing it with the PC on A Chip — 
or POACH CHIP, as we call it. Up to. 
25,000 gates. Another CMOS inno- 
vation from ZyMOS — the leader i in 
SuperCell™ technology. 

— Actually it’s two chips, that 
replace over 50 of the 96 devices (53%) 
on a PC-AT motherboard, including 
all the microprocessor peripherals*. 
Two chips freeing up all that board 
space. Now, what does that mean 
to you? 

Among other things— you can 
improve the performance, function- 
ality and cost of your board or 
system. And make it more reliable 
too! Since POACH is implemented in 
high speed CMOS, you can also expect 
a reduction in heat and power con- 
sumption. Imagine your system 
performing at 12 MHz! 

ZyMOS PCs on Chips are standard 
products so you can design them in 
fast. Getting your offerings to market 
—ahead of time. And ahead of your 
competition. 

POACH Chip sets are only part of 
the story. Since they are implemented 
with cells from our SuperCell library, 
you can integrate any of your iAPX 
designs as we did the PC-AT. These 
cells are 100% functionally compati- 
ble with original off-the-shelf micro- 
processor peripherals they replicate. 
And can be interfaced to RAMs, 
ROMs, PLAs and other cells from our 
1.84 CMOS library. 
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compatibility | in your black oe 
-now—and turn your competition 
green with envy. 


POACH AT CMOS Peripherals 

*8237A DMA Controller 
8254 Programmable Interval Timer 
8259A Programmable Interrupt Controller 
8284 Clock Generator 
82284 Clock Generator and Ready Interface 
82288 — Bus Controller 
LS612 Memory Mapper 


6818 


Real-Time Clock/RAM 
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in your 


lack Dox. 


Ahead of 


ZyMOS Corporation 

A477 North Mathilda Avenue 
Sunnyvale, CA 94086 

Phone: (408) 730-5400 

TWX: 910-339-9530 ZyMOS SUVL 


ZyMOS Sales Offices: 

Sunnyvale, CA, (408) 730-5400 

Los Angeles, CA, (818) 331-0604 
Chicago, IL, (312) 272-7855 

Boston, MA, (617) 263-7873 
Atlanta, GA, (404) 662-1579 

Fort Lauderdale, FL, (305) 272-1509 


Time. 


IBM is a registered trademark of International Business Machines Corporation. 
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Monolithic operationa 


You'll have to consider your application 
carefully when you specify a monolithic op 
amp. Varwus tradeoffs in speed, dc prect- 
ston, and nose among the various process- 
ing technologies for op amps can sometimes 
complicate your decision. Happily, you'll 
find that lower costs are included 
in the wide range of recent de- 
vice improvements. 


Since EDN’s last Special Report on opera- 
tional amplifiers (May 16, 1985, pg 119), a 
number of new monolithic op amps have 
appeared on the market. These recent 
devices continue the “lower/higher” 
trends you read about then and were 
undoubtedly hoping to see now: lower 
offsets, bias currents, drifts, noise, power 
consumption, and prices; higher gain, fre- 
quency, input impedance, and power ca- 
pabilities. These improvements are mani- 
fest in monolithic op amps using all 
processing technologies, from bipolar, 
mixed JFET-input/bipolar, and CMOS 
chopper-stabilized amplifiers to mixed bi- 
polar/MOS, straight CMOS, and even gal- 
lium-arsenide devices. 


Bipolars are still going strong 


Despite the proficiency manufacturers 
are gaining in FET and CMOS technolo- 
gy, the bipolar op amp is here to stay. 
Indeed, it’s improving all the time. Op 
amps produced by bipolar processes offer 
compelling advantages in precision, noise, 
and speed. “Precision” in this context 
means good de parameters—low offset 
voltage and drift, high common-mode and 
power-supply rejection ratios (CMRR and 
PSRR), and high open-loop gain. 

If you had to choose a standard preci- 
sion op amp against which to measure 
others, it would have to be the OP-07, 
developed several years ago by Precision 
Monolithics Inc. This amplifier’s 25-yV 
max offset voltage, 0.6-wV/°C max offset 
drift, and 300,000V/V open-loop gain had 
put the device in a class by itself—for a 
while. Exhibiting the sincerest form of 
flattery, virtually every op-amp manufac- 


turer now lists the OP-07 family in its 
catalog. 

Milestones exist to be surpassed, how- 
ever. Linear Technology Corp, Maxim, 
and PMI itself offer units that better the 
OP-07 in either offset, drift, open-loop 
gain, or all three. Model LT1001 from 
Linear Technology, for example, specs a 
15-wV max offset voltage, a 0.6-~V/°C 
max offset drift, and a 450,000V/V open- 
loop gain. Moreover, the LT1001’s CMRR 
and PSRR are 114 and 110 dB min, re- 
spectively, vs the OP-07’s 110 and 100 dB. 
Prices for the LT1001 range from $2.60 to 
$49 (100). 

Another contender for precision op 
amps’ sockets is Maxim Integrated Prod- 
ucts’ MAX400. This amplifier has the low- 
est offset voltage available—10 ~V max— 
from a chopperless unit. What’s more, it 
halves the OP-07’s 0.6-~V/°C max drift 
spec and has a 500,000V/V min open-loop 
gain vs the OP-07’s 300,000V/V. Like the 
LT1001, the MAX400 specs a 114-dB 
CMRR. Its PSRR, though, is the same as 
the OP-07’s—100 dB min. The premium- 
grade MAX400M costs $17 (100); the re- 
duced-spec (15-p.V offset) MAX400C costs 
$6 (100). 

If you’re going to be outdone, you might 
as well outdo yourself. PMI has done just 
that with its OP-77, an op amp that sur- 
passes the OP-07 in almost every precision 
parameter. Although the newer device’s 
offset spec is the same 25 pV max, the 
offset drift tumbles from 0.6 to 0.3 pV/°C 
max, and the OP-77’s open-loop gain is an 
enormous 5,000,000V/V min. The manu- 
facturer touts this high figure (specified 
over the full +10V output range) as the 


Face to face: In all the relevant performance 
parameters, today’s monolithic operational 
amplifiers are more than a match for their 
predecessors. (Photo courtesy Precision Mon- 
olithies Ine) 


key to exceptionally low nonlinearity- 
induced errors in closed-loop systems. 
Equally as impressive as the gain are the 
CMRR and PSRR: 120 and 110 dB min, 
respectively. Prices range from $1.50 to 
$16.75 (100). 


Bipolars set noise norms 


In some applications, an op amp’s noise 
performance is just as important as its de 
parameters. In terms of input noise-vol- 
tage density, bipolar op amps beat all 
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Despite the proficiency manufacturers are 
gaining in FET and CMOS technology, 
the bipolar op amp is here to stay. 


other types. Voltage-noise figures lower than 10 
nV/V Hz are exceptionally good for monolithic op amps, 
and several high-precision units meet this criterion. 
Again, a mature unit from Precision Monolithics sets 
the standard against which to judge newcomers. The 
OP-27 shares most of the OP-07’s precision offset and 
drift specs, but its noise figures are lower. Its input 
noise voltage from 0.1 to 10 Hz is 180 nV p-p max vs the 
OP-07’s 600 nV max, and its input noise density at 1 
kHz is 3.8 nV/V Hz max vs the OP-07’s 11 nV/V Hz. 
A new op amp from PMI substantially matches the 
OP-27’s noise performance but offers advantages in 
terms of power consumption and pc-board real estate. 
The Model OP-470 quad op amp is housed in a 14-pin 
DIP that has the industry-standard pinout for quad 
devices. At 330 mW, it consumes about half the power 
four OP-27s would use. Its noise specs, compared with 


the OP-27’s, are 200- vs 180-nV p-p max input noise 
voltage over 0.1 to 10 Hz and 5- vs 3.8-nV/VHz max 
noise density at 1 kHz. The 5-nV/VHz figure is the 
lowest guaranteed noise density of any quad op amp on 
the market. 

Because yield figures are multiplicative (to the fourth 
power in the case of a quad device) for multiple-circuit 
ICs, the OP-470 can’t offer the extremely low offset and 
drift figures that the OP-07 and -27 specify. Its offset 
and drift are 0.4 mV max and 2 pV/°C, respectively. Its 
other precision-related specs, however, are splendid— 
1,000,000V/V open-loop gain, 110-dB min CMRR, and 
114-dB PSRR. The OP-470 slews at 2V/psec typ. A 
companion part, the OP-471, slews at 8V/psec typ, at 
the expense of relaxed (by about a factor of two) 
precision-related and noise specs. Prices for both parts 
range from $6.50 to $17.90 (100). 


The first available quad chopper op amp, Teledyne Semiconductor’s TSC914, incorporates all error-holding capacitors on the silicon chip. It’s 
also available in a dual version called the TSC913. You can plug the dual and quad units into sockets inhabited by many standard-pinout 
devices, if you restrict the power-supply voltages to +5V. 
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National Semiconductor’s recent LM837 quad op amp 
can claim both low noise and a high slew rate. Its input 
noise density is 4.5 nV/V Hz typ at 1 kHz, and it slews 
at 8V/usec min. Moreover, its 200-kHz typ power 
bandwidth (with a 6000. load) qualifies the device for 
PCM-audio and hi-fi applications. Precision perfor- 
mance in terms of de parameters is not the LM887’s 
forte; the offset voltage is 5mV max, open-loop gain is 
90 dB min, and CMRR and PSRR are both 80 dB min. 
The part costs $1.25 (100). 


Triple threat from a quad 


Another recently introduced quad op amp combines 
precision, low noise, and speed. The MC34079 from 
Motorola has typical input de parameters of 0.3-mV 
offset and 1-wV/°C offset drift, and its input noise 
density is typically 4.5 nV/VHz. The device slews at 
7V/wsec typ, and its gain-bandwidth product is 15 MHz 
typ. Motorola attributes the unit’s low-noise and high- 
frequency performance to the use of high-frequency 
pnp transistors. Moreover, the amplifier’s npn output 
stage provides an output-voltage swing of —14.7 to 
+13.9V. The MC34079 costs less than $0.90 (OEM qty). 

The prize for the lowest specified noise voltages in 
the industry belongs to the LT1028 single op amp from 
Linear Technology. This amplifier offers typical noise- 
voltage and -density specs of 35 nV p-p over 0.1 to 10 Hz 
and 1 nV/VHz at 10 Hz. At 1 kHz, the device specs 
typical and maximum noise-voltage and density specs of 
0.85 and 1.1 nV/VHz, respectively. To achieve these 
low noise figures, the IC’s input stage operates with 
collector currents of nearly 1 mA. Happily, this high 
collector current doesn’t exact an onerous penalty in 
bias current; the bias-current spec is 25 nA typ, 90 nA 
max. 

Take note that the noise generated by the LT1028 is 
lower than that produced by a 500 resistor. Along with 
its low noise specs, the device comes with all the other 
attributes you’d expect from a precision op amp. Its 
maximum offset voltage and drift are 40 pV and 0.8 
wV/°C, respectively, and its open-loop gain is 140 dB 
min. And to prove that high precision doesn’t necessari- 
ly entail sluggishness, the amplifier has a 50-MHz min 
gain-bandwidth product and slews at 11V/ysec min. 
Available in an 8-pin metal can or in a hermetic or 
plastic DIP, the LT1028 costs $5.75 to $26.60 (100). 

Several forces are pushing the development of ampli- 
fiers that operate from low power-supply voltages and 
draw low quiescent currents. First, the increasingly 
pervasive digital nature of modern electronic systems 
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Able to operate in—and fully specified for—200°C environments, 
Burr-Brown’s OPA111HT uses dielectric-isolation processing. The 
company says this process imparts superior radiation resistance to 
the amplifiers. The devices’ JFET inputs keep the 200°C input-bias 
currents down to 150 nA max. 


makes amplifiers that can operate from the ubiquitous 
single 5V supply very attractive. Second, high pe-board 
densities dictate that op amps consume as little heat- 
producing power as possible. High density is also a 
motivating factor in the development of dual and quad 
units. Finally, the popularity of battery-powered sys- 
tems spurs manufacturers to come up with op amps 
that consume minimal power and operate from low 
voltages. 

A device that received preproduction announcement 
in EDN’s last Special Report on op amps operates from 
total power-supply spans ranging from 1.8 to 15V. The 
device, Signetics’s $0.96 (100) NE5230 bipolar op amp, 
accepts rail-to-rail input voltages and provides rail-to- 
rail output swings (minus one saturation drop from 
each rail). The amplifier specs a 5-mV max offset 
voltage and a 4-pV/°C offset drift. Its CMRR and 
PSRR are 80 dB min, and its open-loop gain is 60,000V/ 
V min. 

You’d usually expect several compromises in dc preci- 
sion in a fleapower op amp that operates from very low 
power-supply voltages. Such is not the case with Preci- 
sion Monolithics’s OP-90. The device works from total 
power-supply spans ranging from 1.6 to 86V and draws 
a paltry 20-A max supply current. A pleasant surprise 
is the de performance of the OP-90: Its input offset 
voltage is 150 »V max, and its offset drift is 2.5 pV/°C 
max. Other specs include a 700,000V/V min open-loop 
gain, a 100-dB min CMRR, and a 5.6-pV/V max PSRR, 
which equates to about 105 dB min. 

The high PSRR minimizes effective offset-voltage 
changes under the condition of changing battery volt- 
ages. Despite the OP-90’s low power consumption, the 
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Combining precision dc specs and 1-ysec settling to +0.01%, 
Analog Devices’ AD711 uses JFET inputs to keep input-bias currents 
below 50 pA. A dual version, the AD712, has almost identical specs. 
Despite its tight de specs and high speed, the AD711 is available at 
commodity prices. 


device is able to supply +5V to a load. Both the input 
and output ranges include ground (or the negative 
supply). The positive-voltage limits for the input and 
output are 1.5 and 1V below the positive supply volt- 
age. Input protection for the IC is phenomenal: The 
inputs can withstand voltages reaching 20V beyond 
either supply voltage. This protection is an important 
consideration in remote applications in which system 
faults can provoke high input voltages. The protection 
is valid whether the op amp is powered or not. Prices 
range from $2.75 to $14.90 (100). 

According to the manufacturer, the OP-90 can run for 
20 years from a lithium battery. In the near future, you 
can expect the release of a quad version of the op amp, 
the OP-490, which will draw a total power-supply 
current of 70 pA. Low power, but not fleapower, 
characterizes yet another new entry from Precision 
Monolithics. The Model OP-400 quad op amp is a 
precision device that approaches the dc-parameter 
specs of the OP-07, yet it consumes less than one- 
quarter of the power on a per-amplifier basis. 

Precision performance is usually hard to come by ina 
monolithic quad op amp. Linear Technology Corp’s 
LT1014 is a precision quad device that costs $3.60 to 
$18.80 (100), but it’s not a true monolithic op amp; its 


package contains two LT1013 dual chips. The OP-400, 


on the other hand, is a 1-chip amplifier that meets or 
beats all the de-precision specs of the LT1014. The 
offset voltage, for example, is the same 150 wV max, 
and the offset drift is 1.2 (vs 2) wV/°C max. 

Other dc specs of the OP-400 are equally impressive. 
Its minimum open-loop gain, for example, is 
5,000,000V/V for a 10-k©O load, and 2,000,000V/V (vs 
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Low power consumption entails no sacrifice in dc precision in 
Precision Monolithics’s OP-41. This op amp draws only a 1-mA max 
supply current but still specs an open-loop gain of 1,000,000V/V min. 
JFET inputs hold the device’s input-bias currents to 5 pA max. Its 
less heavily compensated companion, the OP-43, has the same dc 
specs, but offers enhanced speed parameters. 


the LT1014’s 1,500,000V/V) for a 2-kO load. The CMRR 
is 120 dB min (vs the LT1014’s 100 dB), and the PSRR is 
1.8 wV/V max (about 114 dB min, vs the LT1014’s 103 
dB). When you make comparisons with the LT1014, 
note that the OP-400 is designed to work from +15V 
supplies, whereas the LT1014 can operate from either 
+15V rails or from a single 5V supply. The OP-400’s 
prices range from $6.50 to $17.90 (100). 


A slew of high-speed bipolars 


You can characterize an amplifier’s speed in several 
ways: by slew rate, by settling time, or by bandwidth. 
An op amp’s slew rate, limited by the currents available 
for charging and discharging the unit’s internal capaci- 
tances, is the limiting factor on the device’s full-power 
bandwidth. Settling time—the time required for the 
amplifier’s output to settle to within a certain error 
band around the final value—is an important parameter 
in such precision applications as driving high-resolution 
data converters. Finally, most data sheets specify an op 
amp’s bandwidth in terms of the unit’s gain-bandwidth 
product. 

Bipolar op amps offer some speed advantages over 
JFET-input types. For example, you can obtain bipolar 
devices whose slew rates, and therefore whose full- 
power bandwidths, are much greater than those of 
JFET-input amplifiers. The tradeoff you must make is 
in settling-time precision. As you’ll see later in the 
discussion on JFET-input op amps, many of the JFET 
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LT1057, LT1058 
Distribution of Offset Voltage 
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The offset-voltage distribution centers on 0 mV for Linear Technolo- 
gy Corp’s LT1057 dual and LT1058 quad op amps. These offset 
voltages are exceedingly low for JFET-input amplifiers. The devices 
can directly replace many industry-standard op amps that exhibit 
lesser performance. 


units specify settling times to within a +0.01% error 
band, whereas almost all the fast bipolar devices use a 
+0.1% error band. This +0.1% just about qualifies the 
op amps to drive 10-bit A/D converters, whose LSB is 
0.1% of full-scale range. 

By using its own dielectric-isolation (DI) process, 
Harris Corp has been able to make high-speed bipolar 
op amps for several years. This company’s op amps, like 
most other manufacturers’, specify settling time to 
within a +0.1% error band. Also using DI in its devices, 
Elantec Inc has just become the first alternate source 
for Harris’s HA-2500 and -2600 op amps. The EHA2500 
is optimized for speed and specs minimum slew rates 
(over the military temperature range) as high as 100V/ 
wsec. Its settling time is 200 nsec. Trading off speed for 
precision, the EHA2600 specs a 4-mV max offset, a 
5-wV/°C max drift, and a 10-nA max bias current. The 
corresponding figures for the faster KHA2500 are 5 mV 
max, 20 wV/°C typ, and 200 nA max. The KHA2600 has 
a 25V/usec slew rate. Prices start at $2.95 for the 
EHA2500 and $3.15 (100) for the EHA2600. 

A family of high-speed op amps is now available from 
a company that’s relatively new on the amplifier scene. 
VTC Inc is offering four high-slew-rate devices that 
guarantee settling times to within +0.1%. The unity- 
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In some cases, noise performance ts just as 
important as dc parameters. In terms of 
input noise-voltage density, bipolar op amps 
beat all other types. 


gain-stable Models VA705 and VA706 spec minimum 
slew rates of 30 and 38V/usec, and they settle in 300 and 
250 nsec max, respectively. The VA705 costs $3.35; the 
VA706 costs $3.03 (100). The decompensated VA708 and 
VA707 are stable to closed-loop gains of —2 and —10, 
respectively. Respective slew-rate figures are 85 and 
110V/ysec min; the settling time is 200 nsec max for 
both. The VA707 is priced at $4.60, the VA708 at $4.10 
(100). 


Vertical pnp brings high speed 

Dielectric isolation is a splendid process for produc- 
ing high-speed op amps. Using DI, you can make pnp 
and npn transistors having similar speed and gain 
characteristics. Until now, this pnp/npn symmetry has 
been unobtainable for devices using the less expensive 
junction-isolation (JI) process. For example, the lateral 
pnp transistors produced by JI processing have pitiful 
10-MHz gain-bandwidth products, vs the npn transis- 
tors’ 400 MHz or so. What’s more, the gain (beta, or 
hrg) of the lateral pnp devices is laughable in compari- 
son with that of the npn transistors. 

We can stop laughing now. National Semiconductor’s 
VIP (vertically integrated pnp) process uses inexpen- 
sive JI processing to produce pnp transistors whose 
frequency response and gain approach those of the npn 
devices. The pnp transistors in the new LM6161/6164/ 
6165 Series have a 200-MHz fr (vs the npn devices’ 400 
MHz) and an hrg of 200. Each of the parts comes in 
three grades: For example, the LM6161, the premium 
part of its family, specs a 7-mV max offset, a 3-w~A max 
input bias, and a gain of 550 min. For the reduced-grade 
LM6261, the corresponding figures are 9 mV, 5 pA, ~ 
and 400. Finally, for the lowest-grade LM6361, the 
figures are 22 mV, 6 pA, and 350. 

Model LM6161 is unity-gain stable and slews at 
225V/wsec min. Its settling time to +0.1% is 120 nsec 
typ. The decompensated Models LM6164 and LM6165 
are stable to gains of 5 and 25, respectively. Their slew 
rates are also 225V/usec min, and their respective 
settling times to +0.1% are 100 and 80 nsec typ. What’s 
notable about these amplifiers is the fact that they all 
typically draw only 5 mA of power-supply current. And 
speaking of power supplies, they operate over the wide 
power-supply range of 4.75 to 32V (total span). All the 
units have a comfortable 45° phase margin, and all have 
differential-gain and -phase errors of 0.1% and 0.1° 
max, respectively. Prices for all family members, in 
both 8-pin DIPs and small-outline (SO) packages, start 
at $1.95 (100). 
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Low power consumption mates with low offset voltage in Analog 
Devices’ AD548 JFET-input op amp. The device draws only 200 pA 
max from its supplies, and the company’s laser-trimming process 
cuts offset voltages to 250 pV max. Its precision de specs include a 
300,000V/V min open-loop gain and an 86-dB min CMRR. 


You'll have noted that these high-slew-rate amplifiers 
don’t possess an abundance of open-loop gain. They 
must keep the number of gain stages low, in order to 
minimize phase shifts and slew-limiting, charge-hungry 
capacitances. RCA’s recent CA3450 is another of these 
limited-gain (60V/V min) op amps that offers high slew 
rates and fast settling times. Conceived primarily as a 
video line driver, the CA3450 specs a 160V/psec typ 
slew rate with a 500 load, and it settles to 0.1% in 35 
nsec typ. The cited slew-rate figure holds for a unity- 
gain configuration, for which you must supply a 5-pF 
external compensation capacitor. At a gain of 10, the 
slew rate becomes 300V/psec min and 330V/usec typ. 

When configured for unity gain, the CA3450 exhibits 
a bandwidth of 170 MHz typ. The amplifier can sink or 
source 75 mA into a load or a transmission line. For 1V 
p-p signals, the full-power bandwidth (at a gain of 11) 
extends to 100 MHz with a 450, 20-pF load. Thanks to 
bias-current correction circuitry, the op amp’s input 
current typically doesn’t exceed 100 nA. The typical 
input-noise density is 40 nV/VHz at 10 Hz and 8 
nV/V Hz at 1 MHz. The price is $3.75 (100). 

Analog Devices Inc, a newcomer to the field of 
ultra-high-speed bipolar op amps, has become a second 
source for Signetics’s fast SE/NE5539 amplifier. Model 
AD5539’s de parameters include a 5-mV max offset over 
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the commercial or military temperature ranges, a 47-dB 
min open-loop gain, a 70-dB min CMRR, and an 80-dB 
min PSRR ratio. The $1.65 (100) AD5539 excels in 
speed parameters: The slew rate is 600V/usec typ, and 
the settling time is 12 nsec typ to +0.1%. 


Enter the speed demons 


To complete your review of high-speed bipolar op 
amps, consider a couple of units that exhibit extremely 
high slew rates and gain-bandwidth products that ex- 
ceed 1 GHz. Analog Systems’ MA-207 has a 1.5-GHz 
typ (1 GHz min) gain-bandwidth product, and it slews 
at 800 V/ysec typ (500V/psec min). The amplifier settles 
to +0.1% in 50 nsec max. Its de parameters include a 
3-mV max offset, a 50-~V/°C max offset drift, a 10-pA 
input bias, and a 50-dB min open-loop gain. It costs 
$14.74 (100). 

The second device comes from a long-time specialist 
in high-speed op amps, Plessey Solid State. Model 
SL9999 specs a unity-gain bandwidth of 400 MHz typ 
and a gain-bandwidth product of 2 GHz typ at a gain of 
10. Other speed parameters include a 12-nsec settling 
time to +1%, and 900 and 700V/ysec min slew rates on 
the rising and falling edges of the output waveform, 
respectively. Primarily designed to drive A/D convert- 
ers, the SL9999 is also well suited to other applications 
(for example, video transmission lines) in which the 
amplifier is faced with a low-impedance load. To under- 
score the device’s load-driving capability, note that the 
cited speed figures presuppose a 500 load. 

Despite the SL9999’s extended speed characteristics, 
the unit has decent de parameters, too. Its open-loop 
gain (again, with a 500 load) is 65 dB typ, and its offset 
voltage is 15 mV max. The input bias current specs at 
18 wA max. The amplifier can supply output currents as 
high as +50 mA. Housed in a 16-pin ceramic DIP, the 
SL9999 costs $13.20 (1000). 


JFET inputs proliferate 


You’ve seen a plethora of new bipolar developments in 
the preceding sections, and the described devices fulfill 
various needs in analog-signal processing: high preci- 
sion, low noise, fast settling (to +0.1%). Other needs, 
however, are spurring the development of devices that 
combine JF ET inputs and bipolar circuitry. The first of 
these needs is low input current. Bipolar op amps can’t 
come near the low bias-current figures JFET-input 
amplifiers specify. (For convenience, we’ll call the 
JFET-input units “biFET” amps.) 

In the realm of low-input-current devices, two new 
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“electrometer” op amps from Analog Devices and Burr- 
Brown deserve accolades. These subpicoampere biF ET 
devices take over the role formerly reserved for hybrid 
and modular op amps (and, in days of yore, vacuum- 
tube units). The Analog Devices family, an as-yet- 
unnamed series, is slated for release before the end of 
this year. The family comprises devices of three grades, 
which specify respective bias currents of 75, 150, and 
300 fA (1 fA=10°- A) max. 

Low input bias, of course, implies high input resis- 
tance. For this biF ET op-amp family, the common- 
mode input impedance is 10°. The high resistance 
results from the use of a bootstrap input stage; the 
bootstrapping technique ensures that the input bias 
current is independent of the common-mode voltage. 
The input offset voltage and drift are 0.25 mV and 5 
wV/°C max, respectively. The company uses wafer- 
level laser trimming to obtain these offset and drift 
figures. The minimum open-loop gain is 300,000V/V. 
The amplifier draws 0.7 mA max from +15V supplies. 
Analog Devices plans to introduce an inexpensive 
500-fA op amp in a plastic package during the first 
quarter of 1987. 

Using its DI process, Burr-Brown has developed the 
OPA128 subpicoampere op amp. This bi ET op amp 
also is available in grades that guarantee bias currents 
of 75, 150, or 300 f{A max. Maximum offset voltage and 
drift are 0.5 mV and 5 pV/°C, respectively. Burr- 
Brown also uses laser trimming to minimize the offset 
and drift figures. Like the imminent Analog Devices op 
amp, the OPA128 has an open-loop gain of 300,000V/V 
min and a CMRR of 90 dB min. Both the OPA128 and 
the Analog Devices amplifier come in TO-99 metal 
cases. The OPA128 costs $12.50 to $38.50 (100). 

As noted, JFET-input op amps meet certain system 
needs that bipolar units can’t satisfy. One of these 
needs is fast settling time. The +0.1% error band of 
most bipolar devices is about four LSBs in 12-bit 
systems, so you can’t use the bipolar op amps with any 
assurance of +14-LSB settling. The specs for almost all 
biFET op amps, on the other hand, guarantee settling 
times to +0.01%—about % LSB at 12-bit resolution. 

Indisputably, the fastest 0.01%-settling monolithic 
op amp on the market is National Semiconductor’s 
LF400, which typically settles in 400 nsec. The LF'400’s 
de specs include a 10-mV max offset, a 20-~V/°C max 
offset drift, a 600-pA max input bias, a 25,000V/V min 
open-loop gain, and an 80-dB min CMRR. The unity- 
gain-stable amplifier has an adjustable short-circuit 
current-limiting function that allows the device to drive 
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Several forces are pushing the development 
of amplifiers that operate from low power- 
supply voltages and draw low quiescent 


currents. 


The first chopper-stabilized op amp to incorporate error-holding 
capacitors, Teledyne Semiconductor’s TSC911, specs a 15-pV max 
offset voltage. To increase the apparent value of the integrated 
capacitors, the company uses active capacitance-multiplication cir- 
cuitry. 


loads as heavy as 6002. Packaged in a TO-99 metal can, 
the LF400 costs $5.75 (100). Look for the announce- 
ment of an improved version, called the LF401. This op 
amp will come in a 14-pin DIP and will offer better 
specs than the LF400. For example, the company plans 
to trim the offset to 200 pV max. 


Speed and precision 

Next on the speed scale is Precision Monolithics’s 
OP-42. This op amp has a symmetric slew rate of 
50V/psec min and settles a 10V step to +0.01% within 
800 nsec typ. In addition to its speed performance, the 
OP-42 offers precision specs. The open-loop gain, for 
example, is 500,000V/V min, the offset voltage is 500 
wV max, and the offset drift is 5 pV/°C max. CMRR 
and PSRR are 88 and 94 dB min, respectively. Prices 
start at $3.25 (100). 

An improved replacement for National’s LF411 and 
Texas Instruments’ TLO71 is the Model AD711 biF ET 
op amp from Analog Devices. The AD711 settles to 
+0.01% in 1 psec typ. Its minimum slew rate is 
16V/ysec, and its unity-gain bandwidth is 3 MHz. Like 
the OP-42, the AD711 offers precision de specs. Its 
maximum offset voltage and offset drift are 0.25 mV 
and 3 pV/°C, respectively. The open-loop gain is 
150,000V/V min, and the CMRR is 76 dB min. The 
AD711’s inputs draw a 50-pA max bias current. The 
AD711 specs 4-.V p-p max noise over the 0.1- to 10-Hz 
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You can obtain bipolar devices whose slew 
rates, and therefore whose full-power band- 
widths, are much greater than those of 
JFET-input amplifiers. 


Tripling the +5V power-supply limit formerly imposed by chopper- 
stabilized op amps, Teledyne Semiconductor’s TSC 915 operates from 
+15V rails. The amplifier specs a 10-~V max offset voltage and a 
0.1-pV/°C max offset drift. Its precision de specs include 120-dB 
open-loop gain, CMRR, and PSRR. 


band. A companion part, the AD712, is a dual version of 
the AD711 with almost identical specs. Perhaps one of 
the AD711/712 family’s most striking features is its low 
cost: $0.80 to $4.90 for the AD711, and $1.25 to $7.75 
(100) for the AD712. 

No slouch in the manufacture of biFET op amps, 
Burr-Brown offers a pair of units that feature fast 
settling and precision specs. The $2.30 to $8.50 (100) 
Model OPA606 settles to +0.01% in 2.1 sec typ and 
slews at 22V/ysec min. It has a 500-pV max offset and a 


o-wV/°C max offset drift. The input bias current is 10. 


pA max, and the open-loop gain is 100 dB min. The 
device’s CMRR and PSRR are 85 and 90 dB min, 
respectively. Another high-speed part, Burr-Brown’s 
quad Model OPA404, settles to +0.01% in 1.5 psec typ 
and slews at 24V/ysec min. Its offset voltage and drift 
are 0.75 mA max and 3 pV/°C typ (no maximum given). 
The open-loop gain is 92 dB min, and CMRR and PSRR 
are 92 and 86 dB min, respectively. Prices range from 
$6.95 to $19.95 (100). 

As you’ve seen, biFET op amps can’t offer the low 
offsets, offset drift, and noise that bipolar devices can 
achieve. The biFET units, however, are undergoing 
continuous improvements in these accuracy parame- 
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ters. Several new devices are chipping away at applica- 
tions formerly reserved for bipolar amplifiers—for ex- 
ample, those systems needing 1-mV max offset voltage. 

Consider, for example, some recently announced dual 
and quad devices from Linear Technology Corp. The 
Model LF412A and Model OP-215 dual op amps offer 
improvements in input-bias current, voltage noise, and 
open-loop gain compared with their identically named 
counterparts from other sources. Their offset voltage is 
1 mV max, and their offset drift is 10 pV/°C max. For 
the OP-215, the minimum open-loop gain is 150,000V/V; 
for the LF412A, it’s 100,000V/V. Both devices spec an 
input-bias current of 100 pA max (300 pA when fully 
warmed up). The voltage-noise density at 1 kHz is 15 
nV/V Hz typ. The amplifiers are fast, too: The slew rate 
is 10V/ysec min, and settling time to +0.01% is 1.1 psec 
typ. Prices for the LF412A and OP-215 start at $4.10 
and $3.95 (100), respectively. 

Another family of biFET op amps—Model LT1057 
(dual) and Model LT1058 (quad) from Linear Technolo- 
gy—offers enhanced speed and precision parameters 
over existing devices. The LT1057 replaces such dual 
parts as the LF412A and the OP-215; the LT1058 drops 
into the sockets of such quad units as the TL084 and the 
LF444. Offset voltages for the new dual and quad parts 
are 0.45 and 0.8 mV max, and their offset drifts are 7 
and 10 »V/°C max, respectively. Open-loop gains are 
150,000 and 100,000V/V min, and slew rates are 10 and 
8V/ysec. The LT1057 costs $3.40, and the LT1058 costs 
$6.50 (100). 


Power drain dwindles 


Offset voltage and drift are not the only improved 
parameters in the new biF ET op amps. Another signifi- 
cant area showing distinct progress is power consump- 
tion. Some recently announced devices take minimal 
quiescent current from their power supplies, yet they 
display remarkable de accuracy. 

The OP-41 and OP-43 from Precision Monolithics are 
notable examples. Model OP-41 draws a 1-mA max 
supply current, yet it specs an open-loop gain of 
1,000,000V/V min. Its maximum offset voltage and 
drift are 0.5 mV and 5 pV/°C, respectively. The input- 
bias current is a low 5 pA max. Additional excellent de 
specs include a 100-dB min CMRR and a 92-dB min 
PSRR. According to the manufacturer, the amplifier 
has a symmetrical (equal for positive- and negative- 
going outputs) slew rate of 1.3V/psec. 

The companion part to the OP-41, the OP-43, has the 
Same precision de parameters, but offers increased 
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speed. This amplifier slews at 5V/wsec min. The main 
difference between the OP-41 and OP-43 is the fact that 
the former is unity-gain stable, whereas the OP-43 is 
stable for noise gains of 2 or greater (that is, for an 
inverting gain of —1 or a noninverting gain of 2). Prices 
for both the OP-41 and the OP-43 start at $3.50 (100). 

To finish off the biF ET category, consider a family of 
low-power biF ET amplifiers from Analog Devices. The 
AD548 single and AD648 dual op amps draw 200-pA 
max supply current (per amplifier section). Wafer-level 
laser trimming keeps the maximum offset voltages to 
250 and 300 wV, respectively; offset drifts are 2 and 3 
w.V/°C. Other de parameters include 300,000V/V min 
open-loop gain and 86-dB min CMRR. The maximum 
bias current (warmed up) is 10 pA. Prices for the 
AD548 and the AD648 start at $3.65 and $5.30 (100), 
respectively. 


Improved choppers abound 


Everyone agrees that CMOS-processed op amps can’t 
hold a candle to bipolar units in terms of offset voltages 
and noise performance. CMOS is a process that lends 
itself admirably to the manufacture of digital circuits— 
for example, switches. And switches, of course, have 
had nothing to do with operational amplifiers—nothing, 


that is, unless you use them in a sneaky way to improve 


the performance of an otherwise unimpressive (in terms 
of offset) CMOS amplifier. That’s exactly what Intersil 
did when the company introduced its ICL7650 and -7652 
chopper-stabilized op amps several years ago. 

The proof that the chopper-stabilization technique is 
a viable one lies in the fact that several manufacturers 
have introduced pin-compatible -7650 and-7652 types in 
recent years. The latest supplier to join the ranks of 
-7652 producers is Siliconix Inc. Like the LTC and 
Maxim versions of these parts, Siliconix’s $4.50 (100) 
device offers 0.05-4V/°C max offset drift vs the original 
part’s 0.1 wV/°C typ. Another new entry in the -7650 
market—National Semiconductor’s pin-compatible, 
$2.70 (100) LM668—has similar specs. 

Intersil is now offering improved versions of the 
original -7650 and -7652, the ICL7650S and the 
ICL7652S. The open-loop gain, for example, is 
5,000,000 vs 1,000,000V/V, and CMRR and PSRR both 
improve by a factor of three: 120 vs 110 dB. Power- 


supply current drops from 3.5 to 2.5 mA max. For the - 


ICL76508, the offset drift improves from 5 to 1 pV 
max, and the input-bias current dwindles from 30 to 10 
pA max. (Prices will be set at the time this article 
appears. ) 
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Using dielectric tsolation, you can make 
pnp and npn transistors having similar 
speed and gain characteristics. 


This second-generation gallium-arsenide op amp, Anadigics’ 
AOP3510, succeeds the company’s earlier AOP1510. The unity-gain- 
stable AOP3510 has a 350-MHz bandwidth, slews at 1200V/usec, and 
settles to +1% in 20 nsec. 


Because of the voltage-breakdown limitations of the 
CMOS process used to produce the -7650 and -7652 
amplifiers, the traditional power-supply limit for these 
units has been +5V. Maxim Integrated Products’ 
MA X420/421/422/423 family, however, overcomes this 
voltage anemia and operates from +15V supplies. This 
voltage capability offers a clear advantage: Thanks to 
the devices’ industry-standard pinouts, you can drop 
them directly into the sockets of chopperless op amps in 
systems that use the nearly ubiquitous +15V supplies. 
When you drop them in, though, you'll have to connect 
two external 0.1-wF error-storage capacitors. These 
capacitors connect to the op amp via pins that usually 
accommodate the offset-trim potentiometer you’d use 
with conventional op amps. Prices for the MAX420/421/ 
422/423 family start at $5 (100). 

Also from Maxim are two +15V chopper-stabilized 
units that include error-holding capacitors inside the 
DIP. Models MAX430 and MAX482 drop into any 
standard-pinout op-amp socket, regardless of any off- 
set-trim or compensation circuitry that might be pres- 
ent. The two units spec a 10-~V max offset and a 
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Theres no such thing as 
“almost precise.” Thats why 
you should select Hybrid 
Systems—the leader in 16-bit 
hybrid and monolithic 
analog signal processing 
components. 


High Precision 
. Absolutely 


Your demand for high precision is absolute. 
So is ours. Since we introduced the industrys first 
18-bit DAC five years ago, Hybrid Systems has ded- 
icated itself to creating high precision analog sig- 
nal processing components that simply will not 
compromise your performance, or our position of 
acknowledged leadership in the field. As a result, 
we now offer an impressive family of 16-bit prod- 
ucts designed to make high precision as accessible 
—as it is essential—for your demanding 
applications. 


In DACS, choose from an exceptionally wide 
range of products including monolithic, micro- 
processor compatible, voltage output, and current 
output components. You can also select products 
that feature low cost or high accuracy— all with 
16-bit precision. 


In other areas, Hybrid has both the only true 
16-bit hybrid ADC on the market and the fastest 
with a 15 psec. conversion time. Just as impor- 
tant, the additional 16-bit products presently 
under development will continue the Hybrid Sys- 
tems tradition of precision with breakthroughs 
in speed, cost, and accuracy in every type 
of analog signal processing component, 
including Data Acquisition Systems. 


High precision. We insist on it. 
We deliver it. And we will never 
compromise it in any of our com- 
ponents, or in any of your appli- 
cations . . . because it’s simply too 
important to both of us. 


GREAT NEWS! Hybrid Systems now offers a 
brand new, revolutionary 16-bit Sample/Hold com- 
ponent with dielectric absorption compensation. 
For more information, or to order our new 


1986 Catalog, call or write Hybrid Systems today. 


Hybrid Systems 


22 Linnell Circle, Billerica, MA 01821 617-667-8700 
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A number of design needs are spurring the 
development of devices that combine JFET 
inputs and bipolar circuitry. 


0.05-~V/°C offset drift. They differ in their supply- 
current and frequency specs: Model MAX430 draws 2 
mA max and specs a unity-gain bandwidth of 500 kHz 
typ; the corresponding figures for the MAX432 are 0.5 
mA max and 125 kHz typ. The MAX430 costs $5.65; the 
HMAX432, $6.22 (100). 

One more new member of the chopper-stabilized 
category is Teledyne Semiconductor’s Model TSC915, 
which works from +15V supplies. The TSC915 specs a 
10-4V max offset voltage and a 0.1-~V/°C max offset 
drift. Its open-loop gain, CMRR, and PSRR are all 120 
dB min. The $4.50 (100) device draws a 1.5-mA max 
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supply current. In the first quarter of 1987, you can 
expect Teledyne to announce a companion part to its 
low-power TSC900 (200-1A max supply current). The 
TSC901 will draw 800 pA max, and will operate from 
supplies ranging from +3 to +20V. It will have two 
siblings: the TSC903 dual, and the TSC904 quad. 

As noted, the MAX430 and MAX432 incorporate chip 
capacitors in the package to eliminate the need for 
external holding capacitors. Teledyne Semiconductor 
has taken a different tack: The company integrates the 
error-holding capacitors on the silicon chip. Because 
such integrated capacitors have low values, the compa- 
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ny uses active capacitance-multiplication techniques to 
increase their apparent values. The first fully inte- 
grated chopper-stabilized op amp is Teledyne’s $2.25 
(100) TSC911, which specs a 15-wV max offset and a 
0.15-wV/°C offset drift. Like the -7650 and -7652, this 
op amp uses +5V supplies. Note that the technique of 
incorporating silicon-based capacitors exacts a penalty 
in noise performance; the TSC911 specs 11-~V p-p typ 
noise over 0.1 to 10 Hz vs the -7652’s 0.7 wV p-p typ. 
Note also that the TSC911 is the first chopper-stabi- 
lized op amp that’s available in an SO package. 


Enter the multiple choppers 


Until now, chopper-stabilized op amps were available 
only in single-amplifier versions. Teledyne Semiconduc- 
tor’s new TSC913 and TSC914 are dual and quad 
versions of its TSC911. Like the TSC911, they incorpo- 
rate on-silicon error-holding capacitors. Both the dual 
and the quad units spec a 15-wV max offset and a 
0.15-wV/°C max offset drift. The input-bias current is 
90 pA max. The unit’s de specs include 115-dB min 
open-loop gain and 110-dB min CMRR and PSRR. 

Power-supply currents for the dual and quad TSC913 
and TSC914 are 1.1 and 2.2 mA max, respectively. 
These units, like the classic -7650 and -7652 devices, 
operate from +5V supplies. The noise voltage for both 
units is similar to that of the TSC911: 11 pV p-p typ 
over 0.1 to 10 Hz. The TSC913’s pinout allows you to 
plug it into sockets occupied by such amplifiers as the 
OP-04, TLC322, LM358, and ICL7621. You can drop the 
quad TSC914 into the socket of an OP-11, TLC274, 
LTC1014, LM348, and ICL7642/41, among others. The 
TSC913 costs $4.40, the TSC914 , $7.50 (100). 


Chopperless MOS units continue 

Chopper-stabilized op amps are not the only amplifi- 
ers that can take advantage of MOS processing. Op 
amps that use CMOS or a combination of MOS and 
bipolar processing can provide very high input imped- 
ances and, in some cases, operate from very low supply 
voltages. Furthermore, these MOS-based op amps are 
very inexpensive. 

RCA has produced combined PMOS/bipolar op amps 
for several years. Slated for formal announcement for 
the end of this year is its CA5422, which uses PMOS 
inputs and bipolar circuitry. The CA5422 is just one of a 
family of biMOS amplifiers RCA plans to release at the 
end of this year. The family will comprise single and 
dual compensated and uncompensated units. 

The input-bias current for the CA5422 is 5 pA max, 
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Several new LiFET op amps are chipping 
away at applications formerly reserved for 
bipolar amplifiers—for example, those sys- 
tems needing I-mV max offset voltage. 


and the offset voltage is 10 mV max. Its open-loop gain 
and CMRR are 110 and 105 dB min, respectively. The 
amplifier actually contains two independent sections. 
One has a 60-dB open-loop gain; the other, 50 dB. The 
op amp offers bootstrapping terminals at its input; you 
can use these terminals to null the input currents, or to 
power guard rings around the input lines. The device 
operates from power supplies having a total span of 2 to 
20V. 

Another MOS-based op amp slated for imminent 
announcement is National Semiconductor’s LMC660, a 
CMOS quad op amp that will operate in standard quad 
sockets; it will, for example, directly replace the classic 
LM324. Like most CMOS amplifiers, the LMC660 will 
operate from a 5V supply. National will first offer the 
device in a plastic DIP. Qualification in an SO package 
will soon be complete. 

A new CMOS-processed op amp from Maxim serves 
to illustrate that CMOS can be a fast process indeed— 
not just for high-speed logic and RAMs, but for linear 
applications as well. The MAX450 video op amp needs 
no compensation for gains as low as 20, and it operates 
from supplies ranging from +10 to +15V. It specs a 
typical slew rate of 100V/ysec and has a 10-MHz 
unity-gain bandwidth. The MAX450’s de parameters 
include a 20-mV max offset voltage, a 1-nA max input 
bias, and a 53-dB open-loop gain. Video parameters 
include a 0.1-dB differential gain and a 0.1° differential 
phase. The MAX450 costs $2.35 (100). 


Now for something different 


In the preceding sections, you learned about some 
recent op amps that use conventional processing and 
guarantee welcome improvements over the usual specs. 
Some other recently announced devices, however, 
break new ground in terms of processing or spec 
parameters. Consider, for example, the Model 
AOP1510 gallium-arsenide op amp from Anadigics. The 
$29 (1000) unit, the industry’s first uncommitted GaAs 
op amp, specs a 70-dB typ open-loop gain and a typical 
gain-bandwidth product of 150 MHz. 

The AOP1510 is not designated for precision de 
performance. Its offset voltage is 200 mV max, its offset 
drift is 100 wV/°C typ, and its input noise voltage is 0.9 
mV rms. For ac-coupled applications, however, the unit 
is fast; its slew rate is 500V/ysec min, and it settles to 
+1% in 30 nsec typ. The manufacturer is ready to 
implement a laser offset trim, so you can expect to see 
distinct improvements in this parameter during the 
first half of 1987. Slated for imminent announcement is — 
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The fastest monolithic 


sample-and-hold amps in the galaxy? 
As far as we know, YES! 


Choose the performance you need! 


In the fast-paced world of data acquisition, Acquisition time, 1.0 to 5 ys; droop rate, 0.05 
Harris gives you the range of sample-and-hold to 0.005 pV/ps (for 0 to 1000 pF of added 
amplifiers to cover your most exotic design re- capacitance). DC gain, 2 x 10° V/V; aperture 
quirements — from the world’s fastest to the one time, 25 ns. 

with longest hold time. Choice. Performance. MM HA-2420and HA-2425: Universal. Ac- 
Reliability. Availability. These are the reasons so quisition time, 3.2 to 500 ys, depending 
many of your fellow analog designers stay a step upon the selected droop rate — from 0.005 
ahead by specifying these Harris S/H amps: to 0.000005 pV/ps. DC gain, 5 x 104 V/V; 
@ HA-5330: Industry’s Fastest. Acquisition aperture time, 30 ns; slew rate, 7 V/s. 


time, 0.5 ps to 0.01%! Droop rate, 0.01 nV/ps Contact: Harris/ MHS Semiconductor Sales 
with built-in 90 pF hold capacitor; DC gain, _—_Ltd., Eskdale Road, Winnersh, Wokingham, 
2 x 10’ V/V; aperture time, 20 ns. Berks, RG11 5TR, England. 

M@ HA-5320: Performance Leader. For a 
wide range of 12-bit, high-speed systems. 
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amps will improve my 
data acquisition 
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Until now, chopper-stabilized op amps were 
available only in single-amplifier versions. 


Anadigics’ second GaAs op amp, the AOP3510. This 
device will have a 350-MHz unity-gain bandwidth, will 
slew at 1200V/ysec, and will settle to +1% in 20 nsec. 
Two manufacturers are offering op amps that can 
operate at a maximum temperature of 200°C. Burr- 
Brown and Linear Technology Corp are marketing 
special high-temperature versions of some of their 
standard products. LTC’s LT1001, LT1007, LM101, and 
LM118 are all available in 200°C versions. Data sheets 
for all these units give minimum/maximum specs at that 
temperature. Maximum offset voltages at 200°C for 
these four devices, for example, are 1.6, 1.5, 5, and 12 
mV, respectively. LTC designates these high-tempera- 
ture parts by using an X suffix. Prices range from 
$11.40 to $34 (100), depending on the grade. 
High-temperature units from Burr-Brown are the 
OPA27HT, OPA37HT, and OPA111HT. The offset volt- 
age at 200°C is 250 pV max for the $42 (100) OPA27HT 
and OPA37HT; for the $37 (100) OPA111HT, it’s 5 mV 


max. Bias currents at 200°C for the OPA27/37HT and 
the OPA111HT are 5 uA max and 150 nA max, respec- 
tively. Burr-Brown claims its DI process imparts supe- 
rior radiation resistance to its op amps. For example, 
the data sheet for the cited high-temperature units 
states that the devices have demonstrated the ability to 
withstand a total dose of 10’ rads of 2.5-MeV electrons 
and a neutron flux of 10" neutrons/em?. =DN 
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EQUIPMENT ? 


Take a PMB Switching Regulator with 2 or 3 output 


voltages. 

The most important values: 

Input: 7 to 80 VDC 

Output: +5,1 VDC, £12 VDC 
20 to 25 W 

Ambient temperature: -40 to +71°C 

Efficiency: up to 81% 


With one or two auxiliary outputs isolated from the 
power output. RFl-shielded and self cooling metal case. 


Ask for detailed information. 


SUPPLYING GREAT PERFORMANCE: 


_MELCHER 


__@lektronische Gerate AG 
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Youve known it all along. 

Now, the ideal logic device is 
finally here: Real gate array density. 
Real gate array architecture. Real 
gate array flexibility. And fully user 


programmable. 
Its called, logically enough, the 


Logic Cell™Array and it’ from Xilinx. 


AGATE ARRAY. ONLY BETTER. 

The Logic Cell Array offers all 
the advantages—but none of the 
disadvantages—of conventional gate 
arrays. Unlike them, the Logic Cell 
Array” isn't custom manufactured. 
Merely programmed. And you 
can reprogram it an unlimited 
number of times. Even while its 
in the system. 

That means turnaround time 
on design revs can be measured in 
hours, not months. Time-to-market 
can be reduced accordingly. And 
non-recurring engineering charges 
are non-existent. 


With the Logic Cell Arrays real time in-ciruit emulation, you get 100% design q 2 
verification, in the system. Its the real thing. The best you can do with a gate array 


OF CO 


A PROGRAMMA 


TYPICAL GATE ARRAY DEVELOPMENT SCHEDULE 


4-6 weeks 
2 weeks 
4 weeks 
8 weeks 


Concept Simulation 


Design Entry Prototyping 


Mi Gate Array 
@ Logic Cell Array 


2-3 weeks 


12-18 weeks 


Evaluation 


Manufacturing 


Since you program it yourself the Logic Cell Array shortens design verification and prototyping to 
almost nothing, and completely eliminates manufacturing delays. That means youll get into 


production about 5/2 months sooner And once in 


production with the Logic Cell Array, itll save you 


there, too. Because if you need to change it, you dont have to shut down. the whole company. 


Just reprogram it. Take you a whole afternoon. 


Logic Cell Arrays are also stan- 
dard parts. So we can test every one 
of them 100%, down to the last 
transistor before you ever get them. 

It also means that, unlike gate arrays, 
you can get Logic Cell Arrays off- 

the-shelf, through 
distribution. 


2s semulation. Which is about as close to the real thing as a decoy ts toa real duck. So how 
can you really be sure your design is going to fly? 


And the specs just keep getting 
better 

Were already at 50 MHz with 
1200 gates. Welll be at 1800 gates by 
October And thanks to a CMOS 
memory-based architecture with 
plenty of headroom, you'll see our 
family of Logic Cell Arrays growing 
to 5000 honest, usable gates by 
next spring. 


LOGIC THAT WORKS 


LIKE A 
_ MICROPROCESSOR. 
\" The problem with 
® VLSI logic devices, gate 
arrays in particular is 


tbat theyre hard-wired. So your 


design is literally cast in silicon. 
Itmightas well becastincement. 
_Imagine, though, how much 
e would be if your 
lad the flexibility of 
a microprocessor Well, the Logic 
Cell Array has that flexibility. 


Xiling, Logic Cell, Logic Cell Array, and XACTare trademarks and The Programmable Gate Array Company is a servicemark of Xilins, Inc. IBMis a registered trademark and PC AT 
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BLE GATE 


Because it works very much like 
a microprocessor. 


At power up, the Logic Cell 
Array automatically loads its internal 
CMOS memory. This memory, in 
turn, configures the logic functions 
and interconnections within the 
Logic Cell Array to build your 
logic circuit. 

As for the advantages of such 
an approach, just go ask the micro- 
processor guys. 

As for the advantages of a 
memory-based architecture, talk to 
those who work with memory about 
how much they like parts that con- 
tinually drop in price while increas- 
ing in density and performance. 

Because the Logic Cell Array is 
doing just that. 


A FULL ARRAY OF 
DEVELOPMENT SYSTEM 
SUPPORT 

You dont have to be an expert 
in semiconductor manufacturing 
to use the Logic Cell Array. You Just 
have to know logic design. 

And you dont have to be a pro- 
gramming expert to use any part of 
our integrated development system, 
either 

There’ an interactive, graphics- 
based, mouse-and-menu-driven 
design editor that you can learn in 
an afternoon. A simulator An in- 
circuit emulator that runs real I/O 
and real software in real time for 
complete and positive design 
verification. Plus documentation 
at the touch ofa button and a host 


and XTare trademarks of International Business Machines Corporation. 
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of other why-didn't-somebody-think- 
of-that-before facilities. 

Best of all, it runs on an 
IBM*PC XT™AT"or clone. And you 
can get started for the modest price 
of just $3600. 


THE ANSWER TO 
YOUR PRAYERS. 
AND YOUR QUESTIONS. 
Now that you know the Logic 
Cell Array is just what youve always 
wanted, you probably want to know 
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Instead of a lot of gate arrays that each 
do one thing, the Logic Cell Array 2s 
Fone gate array that can do every- 
thing. Including cut your inventory 
__ risk to zero, let you make field 
upgrades, and eliminate NRE. 


a lot more about it. 
on't hesitate a moment. 


: 7 Our applications engineers are In 
fe tlic field, so theyre ready to be more 
~ thanjust a voice on the phone. 


And when youre ready to try 
out the Logic Cell Array firsthand, 
theres our Evaluation Kit (otherwise 
known as EK-01, shown here). 

It’s just $250 and it includes enough 
software and documentation to 
evaluate your application on a 
Logic Cell Array, and see if it per- 
forms up to snuff. Welll also credit 
your $250 towards the purchase of 
our XACT™development system. 

So call us. 

Toll-free at (800) 255-7778. 

In California, (408) 559-7778. 

Or contact your local Xilinx 
sales representative or Hamilton/ 
Avnet distributor. 

Immediately, if not sooner. 

Now that the ideal logic device 
is here, isn’t this the ideal time to 
use it? 


2. XILINX 


The Programmable 
Gate Array Company.” 


nyrrO 


153 


high-performance, 
high-density 
interconnect for 
today’s tighter 
budgets. 


Hardworking Ds, 
from AMP. 


One of the latest additions to this giant family of space- 
savers offers pre-loaded, insulation-displacement 
contacts for mass termination. 
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secret 
conennnnnen 


Save on application costs. And save more with 
select loading, by paying only for the contacts you 
intend to use. 


Our Ds also come with a range of shielding options 
to block EMI/RFI, including full metal cable clamp 
assemblies or lightweight (and low cost) metalized plastic 
housings. We even offer a snap-together “generic” shell 
designed to allow postmolding your own housing. 


Other D-lights? Our high-density Commercial 90 
Series uses a smaller-size contact, to pack more circuits 
in. And we offer our MIL-series coax and power con- 
tacts in a broad range of configurations, to pack more 
functions in as well. 


Find out now how selection, performance, and 
total economy can help you keep your budget in trim. 
Give us a call. 
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Our select-loaded, insulation-displace- Snap-together metal Our MIL-version 

ment RS 232 style—with the recently shields block EMI, subminiature Ds come 
introduced board mount with grounding allow you to postmold with optional power 
strap, 440 threaded inserts, and board your own housings. and coax contacts, 
locks. in a variety of 


configurations. 
Call (717) 780-4400 and ask for the 
AMPLIMITE Connector Desk. AMP Incorporated, 
Harrisburg, PA 17105. 


AMP Commercial 90 
connectors, through 

the use of smaller 
pin-and-socket contacts, 
offer almost double the 
density of standard Ds. 


AAINIF interconnecting ideas 


AMP and AMPLIMITE are trademarks of AMP Incorporated. 
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DesignLine is a trademark of Ziff Communications Company. 
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hat’s right, an hour of time 

onthe most advanced on-line 

database available to electronic 
engineers. Advanced, because it’s 
designed by engineers for engineers — 
just the way you would have designed 
it yourself. 

It’s called DesignLine; and it gives 
you extensive engineering information 
services for the way you work. From 
finding pin-for-pin replacement parts 
instantly to displaying critical specs. 
From ordering complete CAD/CAE 
libraries for your engineering work- 
station to accessing popular simulation 
and analysis tools. DesignLine does 
this and more, all at your terminal 
or personal computer. 

And it’s all yours for one hour, 
absolutely free. 

We're glad to give you an hour on- 
line to let you see how much time you 
can save using DesignLine. 

For example, now you can stop 
wading through bulky data books, risk- 
ing outdated product catalog specs 
and suffering through long internal 
development times. With DesignLine, 

you'll find parts faster— either by part 
* number or description. You'll have 
a comprehensive, continuously up- 
dated database. And you'll be able to 
display schematic symbols, package 
See = outlines and mechanical drawings. 
Bestia Of course, this is only a sample 
Of ourservices and constantly expand- 
ing data.So whether you're already 
looking for an on-line database or 
"interested in what it can do for you, 
grab the phone and call our toll-free 
se number for your password and free 
ani igi Aer starter kit to see the rest. 
ae Because all of this, and more, is 
already waiting for you. 


(In California, 
call 800- 
632-7979) 
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Limited offer. 


Come see us for a DEMO at Booth 1033 and 1035 DESIGNING 


Engineering Information Services 
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OEMs, VARs, Systems Integrators 
isnt it Time You 
Got in Touch? 


TouchWindow™ 
Ma 2 — 7 Le — screen/input pad 


229° oy: 


S Touchivonitor” 
: Monochrome 
_ wiintegrated 

_ touchscreen 


Sc 


—TurboTouch™ 
_ Color Monitors oF 
SONY wlinte- 
: gates touch 
screen a 


Wescon /86 


Margery S Conner, Regional Editor 


Innovations in digital signal processing (DSP) and 
advancements in surface-mount technology are just two 
of the diverse topics that speakers at Wescon/86 will 
investigate. The technical conference will also feature 
talks on 32-bit microprocessors, programmable logic 
devices (PLDs), ASIC RAMs, GaAs devices, and PC- 
based CAD/CAM tools. 

Wescon, the oldest and largest electronics trade show 
in the US, will take place November 18 through 20 at 
the Anaheim Convention Center, Anaheim, CA. See 
the schedule on pg 160 for the dates and times of the 
technical sessions. At the exhibition accompanying the 
conference’s 40 technical sessions, you'll be able to view 
the latest in electronic components and products at 
almost 2000 exhibition booths. On the following pages 
you'll find information about some of the products 
scheduled for exhibition. 

In the conference session on DSP, representatives 
from many DSP-chip manufacturers, including Analog 
Devices, NEC, Signetics Corp, Motorola Inc, and Na- 


tional Semiconductor Corp, will discuss the new gener- 
ation of DSP chips. Because of the large number of 
functions they implement on a small amount of silicon, 
these devices are making possible single-chip DSP 
systems. Participants in session 31 will also discuss the 
development-support tools for these chips and explore 
the use of the chips as solutions to real-life problems. 

Session 13, on surface-mount technology, will cover 
all aspects of surface-mounting: components, placement 
equipment, good design practices, and assembly con- 
siderations. One speaker, Martin L Barton of Rockwell 
International, will examine the technology’s implemen- 
tation in telecommunication products. 

Advancements in 32-bit microprocessors will be the 
subject of sessions 35 and 38. Session 35 will consider 
floating-point coprocessors for 32-bit wPs; session 38 
will examine trends in the 32-bit market. As you might 
expect, Intel, Motorola, and National Semiconductor 
are all major participants in these sessions, but other 
points of view will be presented by Weitek Corp, MIPS 
Computer Systems, and AT&T. 

Registrants interested in using personal computers 
for CAD will want to attend session 33, where speakers 
will present information on the increased productivity 
and low cost offered by such design systems. Partici- 
pants from T&W Systems, Orion Instruments, and Rio 
Hondo College will describe applications for PC-based 
CAD in the design of simple to moderately complex pe 
boards. In addition, David Roger of Calay Systems will 
examine the integration of personal computers and 
workstations for effective pc-board design. 

Session 29 will also focus on CAE/CAD software 
packages, but from the viewpoints of both manufactur- 
ers and experienced users of automated-design soft- 
ware. At the session—entitled “Taking the ugly out of 
CAD/CAE”—representatives from FutureNet Corp, 
HHB Softron, Tektronix, and LSI Logic will consider 
at what point a new technology ceases to be trouble- 
some and becomes a productive tool for engineers. To 
ensure a balanced viewpoint, Dolf Ward, manager of 
CAD at Sperry Corp, will present the user’s point of 
view. The second hour of the session will involve the 
audience in an open discussion. 
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Recognizing that robotics is currently a hot topie for 
many designers, Wescon organizers are dedicating two 
conference sessions to electronic design for robots. 
Session 20, “ICs for motion control are making a move,” 
will bring speakers together from Galil Motion Control 
Inc, IXYS Semiconductor, Hewlett-Packard’s Opto- 
electronics Div, and National Semiconductor to discuss 
closed-loop motion-control system design. Motorola’s 
Daniel Artusi will describe brushless de motor-control 
design with a new linear IC from Motorola. Session 25 
will deal with advancements in robotic technology, 
specifically treating the languages, algorithms, and 
mechanics needed for robotics implementation. 

Innovations in RAM architecture and applications 


will be covered in sessions 4, 8, and 12. In session 4, 
Tom Goodman of Vitelic Corp will explore new applica- 
tions for multiport RAMs. The integration of logic and 
memory on one chip will be covered in session 8; one 
speaker, Howard Sussman of NEC Electronics, will 
look at what this integration can mean for graphics- 
system design. Session 12 will consider application- 
specific memory and its impact on the markets for such 
products as automotive systems and advanced graphics 
displays. 

In addition to the technical agenda, four sessions will 
cover nontechnical subjects of concern to engineers. 
Session 17, for instance, will look at the difference 
continuing education can make in your technical career. 


{NICAL SESSIONS, ‘ANAHEIM HILTON HOTEL, ANAHEIM, c 
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Session 28 will investigate how offshore opportunities 
can improve your competitive edge. The papers in this 
session will cover sourcing, subcontracting, joint ven- 
tures, and offshore manufacturing. Finally, both mar- 
keting and nonmarketing professionals will want to 
attend session 32, which will explore the marketing of 
high-technology products. 

The conference will also include workshops and fo- 
rums for sales, marketing, and purchasing profession- 
als. For example, an export-marketing workshop on 
Wednesday will study export methods; on Thursday, a 
forum will look at sales strategies for getting a product 
to market. A purchasing conference will feature speak- 
ers from industry, who will discuss purchasing-supplier 
relationships. 

Special events at the Wescon/86 will include the 
keynote luncheon, and two special programs, one on the 
Strategic Defense Initiative (SDI), and one on the space 
program. The keynote luncheon, slated for Monday, 
November 17, will feature Donald Beall, president and 
chief operating officer of Rockwell International Corp. 
His talk will address the future of the electronics 
industry. 

Engineers interested in learning more about the 
Strategic Defense Initiative (SDI) will want to attend 
the special session on the subject on Thursday, Novem- 
ber 20 from 9 to 11 AM. The session organizer, Lt 
Colonel Nile Radcliffe of the US Army, and other 
speakers will present an update on the program, in- 
forming the audience about the program’s purpose and 
its management, and predicting some commercial as- 
pects of the technology’s spin-offs. You’ll have the 
opportunity to submit written questions to the speak- 
ers, who will answer those questions not pertaining to 
classified information. 

The special program on space will include a panel 
discussion on Tuesday, November 18 about life off 
earth. Moderator Andy Stofan, associate administrator 
of NASA’s Office of Space Station, will lead representa- 
tives of several potential space-station contractors in an 
examination of such factors as living environments, 
robotics, communications, and zero-gravity experi- 
ments. A large-scale model of the proposed space 
station from Martin Marietta will highlight Wescon’s 
space exhibit. EDN 
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Stimpson Brings 
The Cost ee ‘* 
Fastening . 
Down To 


That's the reason so many designers, 
buyers and production people respon- 
sible for holding down costs while main- 
taining quality have turned to Stimpson 
Fasteners and Fastening Machines. 


Send a sample of your product, assem- 
bled or not. Our Assembly Service experts 
will analyze and assemble it with the 
right size, style and finish eyelet or other 
fastener and recommend the fastening 
machine best suited to your application 

..with substantial savings, just as they've 
done for years, for so many others. No 
charge of course. 


Send today for your free copy of our latest 
Designer’s Catalog. : 
Illustrating over 1,000 
Standard Fasteners 
and Stampings, 

plus a full line 

of automatic attaching machines. 


ib = 


Co. Inc. 


900 SYLVAN AVE. BAYPORT, NY 11705-1097 
(516) 472-2000 
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32-bit floating-point DSP chip 
can perform 8M flops 


The DSP82 is a high-speed pro- 
grammable digital signal processor 
packaged in either a 40-pin DIP or a 
100-pin PGA. It features two execu- 
tion units, the control arithmetic 
unit (CAU), a 16-bit fixed-point unit 
for logic and control, and the data 
arithmetic unit (DAU), which is a 
32-bit floating-point unit for signal- 
processing algorithms. The CAU in- 
cludes 21 16-bit general-purpose 
registers, and it can execute 4 
MIPS. The DAU, capable of 8M 
flops, is configured for multiply/ac- 
cumulate operations; it contains a 
floating-point multiplier and adder 
and four 40-bit accumulators. 
On-chip memory includes 2k 
bytes of ROM and 4k bytes of RAM. 
The memory can be addressed as 8-, 
16-, or 82-bit words and is organized 
to address 32-bit data at the same 
speed as it addresses 8-bit data. The 
100-pin PGA option features an ex- 
ternal memory interface for memo- 


ry-mapped I/O; it allows you to ex- 
pand memory off-chip by adding 56k 
bytes of directly accessible memory. 
The 40-pin DIP has a serial port and 
a parallel microprocessor-interface 
port. Its software- and hardware- 
development tools include a C-like 
syntax assembler and a single-board 


Test-system interface family 
links test equipment to device under test 


The TSI-8150 provides a reconfigur- 
able, IEEE -488-controlled interface 
between test instrumentation and 
the device under test (DUT). The 
family comprises a mainframe, sig- 
nal-switching units, and a DUT 
adapter. 

The mainframe provides power, 
control, timing, and housing for as 
many as six scanner cards and mod- 
ules. The unit receives instructions 
from the system controller over the 
[EEE-488 controller and downloads 
the instructions to one or more in- 
ternal scanner-control assemblies, 
which can store as many as 500 
commands; the instructions are exe- 
cuted independently of the system 
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development system. $175. 

AT&T Technology Systems, 555 
Union Blvd, Dept 50AL203140, Al- 
lentown, PA 18103. Phone (800) 
372-2447. Booth No 1620. 

Circle No 620 


controller. The system has two inde- 
pendent timer/counter channels, 10 
general-purpose trigger lines, and 
three trigger lines that are dedi- 
cated to indicating switches settled, 
group-execute-trigger, and_ se- 
quence done. 

The top portion of the DUT 
adapter accepts custom or standard 


test heads; it can also house the 
switching cards and modules. The 
system costs $8000 to $15,000, de- 
pending on the configuration. 
Tektronix, Box 1700, Beaverton, 
OR 97005. Phone (800) 547-1512; in 
OR, (800) 452-1877. Booth Nos 3338 
to 3348. 
Circle No 621 
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OUR SERVICE MAKES A WORLD OF 
DIFFERENCE. You come to Data |/0® 
Corporation for products of the high- 
est quality and performance. We 
help you maintain that quality with 
complete customer support. Once 
you ve seen the difference our serv- 
ice can make, you'll understand why 
we keep our customers for life. 

From updates, to repairs, to train- 
ing and technical assistance, we'll 
help you get the most from our 
products. Our Customer Support 
Services can extend the life of your 
Data |/O programmer or FutureNet® 
CAE workstation, and keep you on 
the leading edge of technology. 


WORLDWIDE SUPPORT FOR 
MINIMAL DOWNTIME. For prompt, 
reliable service and repairs, we have 
service centers located throughout 
the world. You can expect fast turn- 
around from our team of skilled 
technicians — as fast as 24 hours. For 
added convenience, we also make 
repairs on-site. 


FOR LIFE. 


TECHNICAL ASSISTANCE IS JUST A 
PHONE CALL AWAY. Training and 
technical assistance are tailored to 
meet your individual needs. For free 
assistance with your design and 
manufacturing applications, simply 
call our Customer Resource Centers. 
You can depend on each center's 
team of experts for immediate 
solutions. 


STAY ABREAST OF TECHNOLOGY, 
AUTOMATICALLY. With an Update 
Agreement from Data |/O Corpora- 
tion, you'll automatically receive 
programming support for new 
devices released by the major semi- 
conductor manufacturers. And soft- 
ware updates ensure you'll always 
have the most powerful CAE tools. 


PROTECT YOUR INVESTMENT IN 
QUALITY. From now until March 1, 
1987, you can get a 25% discount on 
a two-year Data |/O Programmer 
Update Agreement or FutureNet 


Data I/O Corporation 10525 Willows Road N.E., P.O. Box 97046, Redmond, WA 98073-9746, U.S.A. (206) 881-6444/ Telex 15-2167 
FutureNet 9310 Topanga Canyon Boulevard, Chatsworth, CA 91311-7528 (818) 700-0691/Telex 910-494-2681 

Data 1/O Canada 6725 Airport Road, Suite 302, Mississauga, Ontario L4V 1E5 (416) 678-0761/Telex 06968133 

Data |/O Europe World Trade Center, Strawinskylaan 633, 1077 XX Amsterdam, The Netherlands (20) 622866/Telex 16616 DATIO NL 
Data l/O Germany Bahnhofstrasse 3, D-6453 Seligenstadt, Federal Republic of Germany (6182) 3088/Telex 4184962 DATA D 

Data I/O Japan Sumitomoseimei Highashishinbashi Bldg., 8F, 2-1-7, Highashi-Shinbashi, Minato-ku, Tokyo 105, Japan 


(03) 432-6991/ Telex 2522685 DATAIO J 
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WE SUPPORT OUR PRODUCTS 


Software Agreement. Call 
1-800-237-3798 or complete the 
coupon below for more information. 
Find out why we keep our custom- 
ers for life. 
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25% OFF UPDATE SERVICES. 
Yes! | am interested in saving 
25% on update services. 


Name 
Title 
Company 
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Phone 
EDN 11/13 


SEND TO: 
Data |/O Corporatio 
Attn: N. Maul 
10525 Willows Rd. N.E. 
P.O. Box 97046 
Redmond, WA 98073-9746 


nn 


Corporation 


WESCON/86 PRODUCTS 


Development station debugs 
multiprocessor-based systems 


Echo, a stand-alone pP-develop- 
ment system, lets you debug sys- 
tems that include as many as eight 
8- and 16-bit wPs. The system’s em- 
ulation pods accept personality 
modules for the 8085, Z80, 6809, 
68000/68010, and 8086/8088 proces- 
sors. The 8-bit pods include static 
RAM for 4000 samples; the 16-bit 
pods have RAM for 8000 samples. 
Samples contain address, data, sta- 
tus, and external signals. For cross- 
triggering, you can chain the pods 
together; the events occuring in one 
wP can trigger a trace in another 
part of the system. When a trigger 
occurs, the trace data is transferred 
from the emulator pods to the sys- 
tem for analysis. The data includes a 
real-time stamp for cross-correla- 


tion between pPs. 

You can trace the target wP’s pro- 
gram flow with the Code Preview 
window, which allows you to step 
through the code, including jumps, 
branches, and conditional state- 
ments. You set breakpoints by posi- 
tioning the cursor and marking the 
point with a soft key. 


Force-sensing resistors 
measure both force and position 


Force-sensing resistors (FSR) are 
thick-film conductive polymers 
whose resistance varies with force. 
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A thin Mylar sheet serves as a back- 


onto it. In a shunt-mode arrange- 


Echo offers a choice of two operat- 
ing systems: Regulus, a Unix-like 
multitasking system, and the menu- 
driven mode, which requires no 
knowledge of Unix. An assembler, 
linkers and loaders, and single-pass 
C and Pascal compilers come with 
the system. 

Echo also comes with a 20M-byte 
hard-disk drive, a floppy-disk drive, 
three serial ports, a parallel port, 
and a dedicated streaming-tape 
port. From $7000 to $10,000. Per- 
sonality modules typically cost 
about $1000. 

Arium Corp, 1931 Wright Circle, 
Anaheim, CA 92806. Phone (714) 
978-9531. Booth Nos 4217 and 4219. 
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ment, the FSR surface is laid face 


ing; the polymer is silkscreened down over two interlocking conduc- 


tive fingers. As long as no force is 
applied, the FSR remains in a high- 
impedance state. Once force is ap- 
plied, the FSR begins to conduct, 
and the resistance drops across the 
fingers. 

The resistors are in a through- 
conduction arrangement: Two FSRs 
are each printed over a conductive 
pad, and the two backing sheets are 
sandwiched together with the FSRs 
in contact. A force perpendicular to 
the two polymer areas lowers the 
resistance between the conductive 
pads. $0.06 to $0.50 (OEM qty). 

Interlink Electronics, 535 E 
Montecito St, Santa Barbara, CA 
93103. Phone (805) 965-5155. Booth 
No 1342. 
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PATENT PENDING 


A SEALED I/R TOUCH DISPLAY MODULE 
SO FAR ADVANCED YOU HAVE TO SEE 
IT TO BEUIEVE IT! 


ONLY 
2.90" 
THIN! 


FULLY INTEGRATED DESsaSS MATRIX EL DISPLAY MODULE 
INCLUDES I/R SEAULOUCE. AND GRAPHICS/TEXT TERMINAL 
CONTROLLER. 


¢ One-piece molded I|/R frame and integral bezel/ e Minimum footprint, compact cube. 
filter. e |/R touch frame fits within display panel frame 
e Flush mounts in your front panel cutout. outline. 
e Sealable from moisture and dirt — antiglare, e Ultra-compact module occupies minimum 
scratch-resistant, polarized filter included. space. See dimensions above. 


e Low power requirement — 20 Watts typical, re- ® Flat display screen and flat touch plane elimi- 
quires only +5, +12 vdc input. nates parallax. 


ENHANCED OPERATIONAL FEATURES ASSURE MAXIMUM 
PERFORMANCE AND DESIGNER EASE! 


e NEW “FTS” GRAPHICS: e EXPANDED TOUCH SOFTWARE: 

e Dual processor architecture gives highest gra- e High resolution — 31 x 63 touch points. 
phics performance in the industry. e Automatic button draw and button pages. 

e Fast — 2400 vectors/sec., 4 million pixels/sec. e Pop-up menus. 
(block fill). e Enter, exit and track touch modes. 

e Convenient interfaces — serial, parallel, raster, e Software compatible with earlier DeeCO 
DMA, keyboard. systems. 

¢ ASCII encoded. Callable on-screen ASCII keyboard. 


e VT100* TERMINAL EMULATION: 
© \/T100* based text capability. | BE SURE TO SEE US AT WESCON/86 OR 
¢ No hand-shaking required at 19.2K baud. gar ae CUON ame SE A 


THE DISPLAY INNOVATORS 


DIGITAL ELECTRONICS CORPORATION 
26142 Eden Landing Road ® Hayward,CA94545 ® (415) 786-0520 
Telex: 172073 DIGELEC HYWD ® Facsimile: (415) 786-1040 


*VT100 is a Trademark of Digital Equipment Co. 
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Ow s our new workstation 


DEGOPINE, JOP YOM “Its great —I dont 
know how we ever got along 
“Sounds like you're really ids 
cuiting your development time.’ 
“Were ahead of schedule — 
é that should tell you 
| know what you mean — something.” 
National is doing the same | 
thing for us. 


CalComp couldn't wait 
to introduce their 32-bit 
graphics workstation. That's 


Why they chose National! 
Series 32000 family. 


When the window of opportunity 
opens, you have to take 
advantage of it. Fast. 

CalComp® wanted to add 
high-performance graphics 
workstations to their extensive 
line of computer graphics prod- 
ucts. They had already designed a high 
speed, bit-slice raster processor for 
graphic display functions, but they 
needed an industry-standard application 
processing engine with 32-bit capability 
to drive their entire system. And they 
needed it fast. 

That's why they chose National's 
Series 32000° family. 

The Series 32000’s fast executing 
code gave CalComp the throughput they 
needed. And with critical co-processors 
such as Memory Management and 
Floating Point Units already in place, 
hardware designs were clean. 


But even more important, the 
Series 42000 was available — 
in production, in quantity, 

right when they needed it. And 

because the entire family 

shares the same architecture, 
future enhancements can build 
on CalComp s software investment. 

Which means the Series 32000 is not 
only the right engineering decision for 
today, it's also the right business 
decision for tomorrow 

So find out how you can build the 
future into your own 32-bit design. 
Contact National Semiconductor today. 


National 
Semiconductor 
Series 32000, MS 23-200 

P.O. Box 58090 

Santa Clara, CA 95052-8090 


ip 
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Series 32000 is a registered trademark of 

National Semiconductor Corporation. 

CalComp is a registered trademark of Sanders Associates, Inc. 
© National Semiconductor 1986. 
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CAE/CAD EDITOR 


The Vanguard document editor, for 
use with the company’s Vanguard 
CAE design system, combines text 
and graphics editing to produce 
flowcharts, schematics, simulation 
results, and pe-board layouts from a 
CAE/CAD database. The editor 
supports laser-printer output of 
300 x 300-dots/in. resolution for both 
text and graphics. It runs on an 
IBM PC/XT, PC/AT, or compatible 
computer, or a DEC MicroVAX or 
VAX. $2500 for an IBM version; 
$5000 for the MicroVAX version; 
$7500 for the VAX version. 

Case Technology Inc, 633 Menlo 
Ave, Suite 250, Menlo Park, CA 
94025. Phone (415) 322-4057. Booth 
Nos 4220 and 4222. 
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AC-VOLTAGE SOURCE 


The System 408 multiple-output ac- 
voltage reference system can sup- 
port as many as eight variable ac- 
voltage sources/calibrators in one 
chassis. The modules are inter- 
changeable among slots, as well as 
among other instruments in the 
company’s line, and you can install 
them in the field. They feature an 
output range of 10 mV to 30V ac, 
and they offer 1-mV resolution and 
50-mA max current. The modules’ 
accuracy is +0.05% of setting +15 
mV. They offer programmable 
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phase control between 0 and 180° 
via an [JEEE-488 interface bus. The 
modules’ output frequencies are ei- 
ther fixed between 10 and 400 Hz or 
synchronized to an external sine- 
wave reference. Mainframe, $3995; 
output modules, $895. 

Electronic Development Corp, 
11 Hamlin St, Boston, MA 02127. 
Phone (617) 268-9696. Booth No 
3571. 

Circle No 625 


68000 BOARD 


The GESMPU-4B is a low-cost 
68000-based microcomputer board 
for the G64 bus. The board, which 
runs at 8 MHz, has four 28-pin 
JEDEC sockets that hold as many 
as 64k bytes of CMOS RAM and 
128k bytes of EPROM. The board 
also contains three programmable 
timers and an RS-232C port. The 
programmable baud-rate generator 
can generate as much as 19.2k baud. 
The board can address as many as 
8M bytes of memory through its 
interface to the G96 bus. Options for 
the board include a debug/monitor 
and a multitasking Forth kernel 
that resides in onboard EPROM. 
$395. 

Gespac Inc, 100 W Hoover Ave, 
Mesa AZ 85202. Phone (602) 962- 
5559. Booth No 3167. 

Circle No 626 


AC/DC SUPPLY 


The Model 1.5.1000  pc-board- 
mountable power supply offers a 
jumper-selectable input of either 
115 or 230V ac. At 115V ac, the 
input can vary by +10V; at 230V ace, 
the input can vary by +20V. The 
vacuum-encapsulated package mea- 


sures 2.5X3.5X1.25 in. and delivers 
5V de at 1A; line and load regulation 
are better than 0.05%; ripple and 
noise are below 1 mV rms. The 
supply features crowbar circuitry 
for overvoltage protection and fold- 
back current limiting for continuous 

short-circuit protection. $106. 
Calex Mfg Co Inc, 3355 Vincent 
Rd, Pleasant Hill, CA 94523. 
Phone (415) 932-3911. Booth 3542. 
Circle No 627 


SOFTWARE SCOPE 


IntScope, an interactive graphics 
program for circuit design, works 
much as a digital oscilloscope does. » 
It extracts data from a Spice simula- 
tion output file, a user-generated 
file, or hardware, and converts it to 
waveforms for display on an IBM 
PC or compatible computer. Version 
2.1 of the program offers such func- 
tions as bidirectional FFT, convolu- 
tion, correlation, polynomial regres- 
sion, waveform smoothing and 
rotation, and polar/rectangular con- 
version. With the company’s [Spice 
and PrSpice programs, you can 
evaluate tolerance parameters for a 
Monte Carlo analysis and perform 
ac, de, and transient analysis on 
circuits having as many as 300 
nodes. IntScope, $175; ISpice, $95; 
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PrSpice, $125. $395 for all three 
programs. 

Intusoft, 3262 Starline Dr, Ran- 
cho Palos Verdes, CA 90274. Phone 
(213) 833-0710. Booth No 4108. 

Circle No 628 


VIDEO FLASH ADC 


The ADC-207 video flash A/D con- 
verter is fabricated in 1.2-um 
CMOS. It performs conversions at 
more than 20 MHz and uses 250 mW 
from a 5V supply. The part’s lineari- 
ty is ’2 LSB; for integral linearity of 
greater than 7 bits, you can tie a 
midpoint tap to an external voltage 
reference. The device provides 3- 
state outputs. The ADC-207 costs 
$30 (100) for the 0 to 70°C version 
and $59 (100) for the —55 to +125°C 
version. 

Datel, 11 Cabot Blud, Mansfield, 
MA 02048. Phone (617) 339-9341. 
Booth No 2333. 

Circle No 629 


CMOS PCM FILTER 


The G8912B pulse-code-modulation 
(PCM) filter provides analog termi- 
nation of a PCM line or trunk. The 
device, which is pin compatible with 
the 2912A, includes antialiasing fil- 
ters on both transmit and receive 
sections. The filter exceeds the re- 
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quirements of D3/D4, CCITT, and 
Class 5 central office specifications. 
The device’s gain is adjustable over 
20 dB. The filter dissipates 0.25 mW 
in standby mode and 20 mW during 
normal operation (30 mW with 
power amplifiers). It’s available in a 
16-pin ceramic DIP or a 20-pin 
PLCC. In a ceramic DIP, $8.25 
(100). 

GTE Microcircuits, 2000 W 14th 
St, Tempe, AZ 85281. Phone (602) 
921-6505. Booth No 2500. 

Circle No 630 


ATE PIN DRIVER 
The AD845 pin driver features 500 


typ output impedance and a 1V/sec | 
min large-signal slew rate. It can. 


operate at a 100-MHz data rate. The 
pin driver features unity-gain-pro- 
grammable output levels of —3 to 
8V and an output-amplitude capabil- 
ity of 700 mV to 11V. The AD345 
ean drive ECL, TTL, and CMOS 
logie circuitry. To test I/O devices, 
you can switch the pin driver into a 
high-impedance state by using the 
inhibit mode. The pin driver’s 3- 
state leakage is typically 50 nA, and 
output charge transfer is 200 pC 
max. 

The input circuitry uses high- 
speed differential inputs with a com- 
mon-mode range of 11V; it can be 
driven with either differential KCL 
or single-ended TTL or CMOS cir- 
cuitry. Requiring 500 pA typ bias 
current, the device can be directly 
coupled to the output of a D/A con- 
verter by itself or in parallel with 
multiple pin drivers. Its power re- 
quirements are —8 and 12V. $105 
(100). 

Analog Devices, Box 9106, Nor- 
wood, MA 02062. Phone (617) 329- 
4700. Booth No 1351. 

Circle No 632 


LED IMAGE HEADS 


LED Image Heads let you develop 
printers having carriage widths of 
8’ and 10 in. and providing 300- or 
400-dots/in. resolution. The 300- 


dots/in. model has 64 LEDs ar- 
ranged in a 5.44-mm bar; the 400- 
dots/in. version uses 128 LEDs in an 
8.128-mm bar. The LEDs’ emission 
intensity, which can be set by a 
resistor, is 3.0 wW/steradian at 
5-mA forward current. The disper- 
sion variation is +15 or +30% in the 
300-dots/in. version, and +30% in 
the 400-dots/in. model. 

Unlike laser printheads, which 
emit light from a single, fixed point, 
the LED Image Heads focus each 
element on a specific location. An 
optional self-focusing lens achieves 
the desired focal point. The LEDs’ 
light wavelength is set at 660+10 
nm with a spectral width of 20 nm at 
half-power points. The light-emit- 
ting area is 50X65 nm for the 300- 
dots/in. version and 40X50 for the 
400-dots/in. model. 

The heads have one, two, or four 
data-input lines with data-transfer 
times of 320 to 512 usec/line at a 
clock frequency of 8 MHz. $2500 
(evaluation quantities). 

Rohm Corp, 8 Whatney, Irvine, 
CA 92718. Phone (714) 855-2131. 
Booth Nos 1331, 1333, 1335 and 
1430, 1432, and 1434. 

Circle No 631 


LOGIC ANALYZER 


The 9602-64 logic analyzer plug-in 
for the Colt and Atlas instrumenta- 
tion systems provides 64 channels of 
state and timing information for 
32-bit systems at 20 MHz. It also 
provides bus demultiplexing for 16- 
or 24-bit bus systems. The 45-level 
trigger has three functions in each 
of 15 sequences, the capability of 
jumping to any sequence, and a 
clock/pass counter at each sequence 


for 65,535 events. | 
Continued on pg 172 
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Aerox spent a year 
examining the same 
ASIC companies youre 

| looking at now 


Only one made it 
to the top. 


Long hours. Late nights. Lost week- 
ends. Nobody said it was going to be easy. 
But choosing the right ASIC manu- 

facturer is critical to your product's 
success — and perhaps your company’s. 

So when Xerox anticipated their 
long-term needs for CMOS gate arrays 
and standard cells, they constructed 
a comprehensive list of criteria and 
launched a world-wide search. 

That search took more than a year 
and involved over 30 companies. In the 
end, only one had the right combination 
of sophisticated design tools, extensive 
cell libraries, dedicated engineering 
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and support staffs, well-established 
manufacturing strength, the flexibility to 
meet customer needs, and a demon- 
strated long-term commitment to ASIC 
technology. 

Because Xerox knew they needed 
more than just an ASIC supplier... they 
needed an ASIC technology alliance. 

That’s why Xerox chose National 
Semiconductor. | 

Ifyou want to learn what Xerox 
learned about National, just write: 


National Semiconductor Corp. 
MS/23-200 

P.O. Box 58090 

2900 Semiconductor Drive 
Santa Clara, CA 95052-8090 


National 
Semiconductor 


J 
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The unit’s data qualification for 
16-, 20-, or 24-bit address areas con- 
serves the standard 1k-word or op- 
tional 4k-word buffer memory. For 
hardware analysis, 16 channels have 
d-nsec glitch-capture capability. All 
channels can be displayed as a tim- 
ing diagram or state listing. $6950 


with 1k-word memory depth; $7650 | 


with 4k-word memory depth. 
Dolch Logic Instruments, 2029 
O’Toole Ave, San Jose, CA 95131. 
Phone (408) 435-1881. Booth Nos 
3330, 3332, and 3334. 
Circle No 633 


MEMORY BACKUP 


Lithium iodine rectilinear »Power- 
Cell series batteries are primary 
batteries used with CMOS RAM for 
nonvolatile memory backup. The 
solid lithium iodine combination 
acts as an electrolyte separator be- 
tween the lithium anode and the 
iodine cathode. The separator is 
self-healing and prevents separation 
failure. 

The batteries have at least a 20- 
year shelf life at temperatures 
below 37°C; at temperatures above 
50°C (where self-discharge is accel- 
erated), you can use a float charge 
to extend the battery’s life. The 
batteries’ current-limiting high in- 
ternal impedance eliminates the 
danger of explosion from reverse 
current or short circuit. $3 to $6. 

Catalyst Research Corp, 1421 
Clarksview Rd, Baltimore, MD 
21209. Phone (301) 296-7000. Booth 
No 1445. 

Circle No 634 


SMART CABLE 


SmartCableMaker, an intelligent 
RS-232C interface, automatically 
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connects your computer to any de- 
vice with an RS-232C asynchronous 
port. Three switches control data 
lines 2 and 8, configure the control 
lines, and set the handshake proto- 
col. Fourteen LEDs display the in- 
terface configuration. For nonstan- 
dard applications, a 7-position DIP 
switch connects pullup voltages to 
handshake or control lines. The de- 
vice, housed in a plastic enclosure 
with a male and female DB25 con- 
nector at each end, measures 
3.65.75 in. $150. 

IAM, Box 2545, Fair Oaks, CA 
95628. Phone (916) 961-8082. Booth 
Nos 3349 and 3351. 

Circle No 635 


FILTER CONNECTORS 


GF Series chassis-mount, coaxial- 
cable filter connectors attenuate 
spurious high-frequency signals and 
avoid low-frequency ground loops, 
thus allowing systems to meet FCC 
RFI regulations, which limit emis- 
sions to 20 to 1000 MHz. The con- 
nectors feature integral 6-nF (nomi- 
nal) ceramic capacitors, and their 
insertion loss is 1 dB at 1 MHz and 
30 dB at 100 MHz (500). 

The filter connectors are available 
in BNC and TNC feedthrough and 


cable-entry types, and in either 
wrench-crimp or tool-crimp models. 
The wrench-crimp models come in 
versions having 50 or 75Q imped- 
ance; the tool-crimp models are 
available only in 500 versions. $13 
to $48. 

Trompeter Electronics Inc, 
31186 La Baya Dr, Westlake Vil- 
lage, CA 91362. Phone (818) 707- 
2020. Booth Nos 2512 and 2514. 

Circle No 636 


WAVEFORM RECORDER 


The Model 6810 is a modular, multi- 
channel, plug-in digital recorder. 
Each of its four input channels has a 
programmable front-end amplifier/ 
signal conditioner and independent 
track/hold amplifier. The channels 
are multiplexed into a 5-MHz, 12-bit 
digitizer; they provide 4-channel op- 
eration at 1M samples/sec and 1- 
channel operation at 5M samples/ 
sec. Digitized information is 
automatically transferred to an in- 
ternal 512k-word sample memory; 
by adding Model 6310 memory mod- 
ules, you can expand the sample 
memory to a maximum of 8M words. 

To conserve memory on signals 
with fast leading edges and long 
delays, two programmable clock 
rates allow selective data recording. 
For repetitive signals with low duty 
cycles, the 6810 time-stamps each 
burst; this segmentation precludes 
any digitizing of dead time between 
signal bursts. $5500. 

LeCroy Engineering, 700 S Main 
St, Spring Valley, NY 10977. 
Phone (914) 425-2000. Booth Nos 
3741, 3743, 3745, and 3747. 

Circle No 637 
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LOW-COST SWITCHER 
The $40 (1000) WI 25 Series power 
supply accepts inputs from 90 to 
265V ac without taps or modifica- 
tion. The efficiency of the 25W sup- 
ply is typically 75%. The supply is 
internally fused, and it’s available 
with dual, triple, or quad outputs; 
overvoltage limit protection is 
standard. The power supply’s 
switching noise is 100 mV p-p max; 
its ripple is 20 mV p-p max. It 
measures 1.68X3.9387X4.5 in. 

Converter Concepts Inc, Indus- 
trial Parkway, Pardeeville, WI 
53954. Phone (800) 253-5227; in 
WI, (608) 429-2144. Booth Nos 1275 
and 1277. 


Circle No 638 


SMALL AMP 
Measuring 0.085 in. in diameter and 
priced at $0.99 (100), the MAR-1 
monolithic single-stage amplifier 
has a bandwidth of de to 1000 MHz 
and a gain of 12 dB. It delivers as 
much as 0 dBm undistorted output 
and has a 5.5-dB noise figure. Be- 
cause of the amp’s 50) input and 
output design, you can cascade indi- 
vidual amplifiers with coupling ca- 
pacitors; each unit is stable and free 
of oscillation, regardless of load im- 
pedance. The amp’s return loss is 
typically less than 10 dB; its isola- 
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tion spec is 20 dB typ. It requires 
7V de at 20 mA. 

Mini-Circuits, 2625 E 14th St, 
Brooklyn, NY 11235. Phone (718) 
934-4500. Booth No 1642. 

Circle No 639 


CAPACITOR 


The LPR Series comprises low-pro- 
file, high-ripple aluminum electro- 
lytic capacitors that can be used 
either at the input or the output of 
Switching power supplies. The ca- 
pacitors’ working voltage range is 
6.3 to 250V, and their capacitance 
range is 1200 to 10,000 pF. At 120 
Hz, their equivalent series resis- 
tance is 0.08 and ripple current is 
5A. The parts come in sizes ranging 
from 25X30 mm to 35x50 mm. $0.70 
to $1.40. 

Mallory Capacitor Co, 3029 E 
Washington St, Indianapolis, IN 
46201. Phone (317) 636-5353. Booth 
Nos 1680 and 1682. 


Circle No 640 


iAPX-86 EMULATOR 
This in-circuit emulator includes an 
emulation base, the Ebase86, which 
connects to the host (an IBM PC or 


compatible computer) via an RS- 
232C port. The Ebase86 connects to 


the target processor socket through 
a probe module, the Pmodule, which 
controls the target system. You can 
access aS many as eight more trig- 
ger and trace points with an option- 
al logic module, the Lmodule. In 
addition, 16 software breakpoints 
work with the hardware event ma- 
chines. A pass counter allows an 
event to occur as many as 65,536 
times before triggering; the counter 
is displayed in real time while a 
timer field reports program-execu- 
tion times. 

The memory-protection feature © 
lets you qualify 8k-byte blocks of 
overlay or target memory as RAM, 
ROM, or no access. The command- 
line-recall and -edit functions simpli- 
fy the input of long or repetitive 
strings. $6990. An optional 512k- 
byte battery-backed RAM board, 
the BBR-512, costs $4990. 

Microcosm, Inc, 15275-E SW 
Koll Parkway, Beaverton, OR 
97006. Phone (503) 626-6100. Booth 
No 3567. 


Circle No 641 


CUSTOM KEYBOARDS 


You can specify a completely custom 
keyboard, including pe-board layout 
and manufacturing, plastic tooling 
and molding, board assembly, and 
final testing. Options for the key- 
board are doubleshot-, surface-, or 
diffusion-printed plastic keys; sur- 
face- or diffusion-printed plastic 
keypads; and gold or carbon pc- 


boards. Standard keyboards are 
Continued on pg 176 
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Take our mass storage 


VLSI chip family out fora 
little spin Or 4 big one. 


Only one family of mass storage chips 
aa * can move you along the entire 
eee = clesion spectrum—from 50 Kbps to 25 Mbps. 
_ Without shifting gears. 


The disk industry today has alot of heads — microCMOS. All of which reduces your overall 
spinning. With drives of all sizes, shapes, system costs, and boosts both your compet- 
types and interface requirements. With more _ itive edge and your profits. 
advanced technologies pushing transfer rates 
and densities ever higher. And with users 
demanding higher capacities — but in 
smaller, lower-power packages. 

That’s why hundreds of designers have 
already specified National’s DP8466, the 
hard disk controller, and its complete family 
of support chips. The only chip set versatile 
enough to handle today’s broad range of 
drive products. From the PC to the mainframe. 


EL -OSit -<S 


National's Mass Storage Family 


The DP8466 makes key operating features DP8466 —- (NS 32966) _ Disk Data Controller 
, { E DP8462 NS 32962) 2,/ Data Synchronizer 
user programmable. So things like data for Ee ern Seen 


| 
! 
mats, error correction codes, and interface DP8464B hee Pulse Detector 
( 
| 


oo. : ; : DP8465 NS 32965) Data Separator 
characteristics can be configured interactively DP8470 (NS 32970) _ Floppy Disk Data Separator 
for virtually any drive using the same DP8472 NS 32972) Floppy Disk Controller Plus 
controller chip. Then too, the DP8466 and So whatever type of high-performance 
supporting parts work with National’s Series disk product you're designing, look to 
32000* microprocessor and any other 8-, National for the complete controller solution. 


16- or 32-bit microprocessor. And they con- — We can help you get to market quickly 
form to all major drive interface standards. jthout spinning your wheels. 


Wherever your system falls in the price/ For full details, contact your local National 
performance spectrum, our mass storage office today. 
family has you covered. With data rates rang- National Semiconductor Corporation, 


ing all the way from 50 Kbps to 25 Mbps. With yg /23-200, P.O. Box 58090, 2900 Semicon- 


advanced VLSI architecture that integrates ductor Drive, Santa Clara, CA 95052-8090 
more disk data path functions than has been (408) 721-5893 


possible before. And with exceptionally 
low controller power consumption, using 


National 


Ad d i 
vance Semiconductor 


Peripheral 
Processing 


Drives courtesy of Control Data Corporation and Rodime, Inc. 

APPS is a trademark of National Semiconductor Corporation. 
Series 32000 is a registered trademark of National Semiconductor Corporation. 
© 1986 National Semiconductor Corporation 
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also available. The company offers 
assistance, at no extra charge, in 
designing backlighting, waterproof- 
ing, tactile response, plastic keys 
with rubber membranes, and rub- 
ber integrated legend pads. $10 to 
$20 per unit. 

Conductive Rubber Technology, 
121 Gray Ave, Santa Barbara, CA 
93101. Phone (805) 965-6511. Booth 
No 1365. 
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SYNCHRO CONVERTERS 


The SDC-14560 is a series of syn- 
chro- or resolver-to-digital convert- 
ers with a user-programmable, dy- 
namically alterable resolution of 10, 
12, 14, or 16 bits. The converters 
are accurate to +1.3 are min. The 
digitized angular output is a natural 
binary code with a TTL/CMOS, 3- 
state output. The devices offer 
three input options: synchro, resolv- 
er, and direct. A synthetic refer- 
ence voltage eliminates errors 
caused by quadrature voltage. 

The converters’ velocity output is 
a ground-based voltage of 0 to 10V 
de with a linearity of 0.25%; the 
output voltage is positive for an in- 
creasing angle. A converter-busy 
output and an inhibit input allow 
synchronization to a controller. The 
converters operate over 0 to 70°C or 
—55 to +125°C. $345. 

ILC Data Device Corp, 105 Wil- 
bur Pl, Bohemia, NY 11716. Phone 
(516) 567-5600. Booth Nos 1633 and 
1635. 

Circle No 644 


STD SLAVE CPU 


The SBC-188-Slave and SCC-188- 
Slave are 16-bit stand-alone slave 
processor cards for the STD Bus. 
Based on the 80188, the cards inter- 
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face with the bus through I/O regis- 
ters that conform to STD Bus I/O 
interface specifications. The I/O ad- 
dress is jumper selected. 

Onboard memory can be a maxi- 
mum of 256k bytes of RAM/ 


EPROM/EEPROM or battery- 
backed RAM in any combination. 
The cards also include an RS-232C 
port, a 2-channel DMA controller, a 
58274 real-time clock calendar, 16 
parallel I/O channels, an interrupt 
controller, an 8087 math-coproces- 
sor interface, five 8-bit counter/tim- 
ers, and three 16-bit counter/timers. 
The SCC-188 features an 82530 SCC 
chip, which provides two serial syn- 
chronous/asynchronous communica- 
tions ports. The software options 
for an IBM PC-based development 
station are a monitor/debugger, 
PL/M, Fortran, Assembler, C, and 
Pascal. Each board comes in three 
versions: 5 MHz ($549), 8 MHz 
($595), and 10 MHz ($685). 

RLC Enterprises, 1117 Hillview 
Dr, Milpitas, CA 95035. Phone 
(408) 946-7471. Booth No 3526. 

Circle No 643 


VME BUS CARD 


The intelligent base card (IBC) 
comes in two _ versions: The 
AV ME9100 is an intelligent control- 
ler for the company’s Analog Input 


Subsystem, which offers as many as 
256 inputs and accepts direct inputs 
from transducers; the AVME9110 is 
an intelligent analog input card with 
16 differential or 32 single-ended 
inputs. 

Hardware features for both cards 
include an onboard 68000 CPU, a 
dual-port RAM, an autozero func- 
tion, a watchdog timer, and an ex- 
ternal serial port. Software features 
include thermocouple and resist- 
ance-temperature-detection lineari- 
zation, limit checking, diagnostics, 
and operational commands. The 
board communicates with the bus 
through the dual-port RAM; com- 
munication is either polled or inter- 
rupt-driven. $1395. 

Acromag Inc, 30765 Wixom Rd, 
Wixom, MI 48096. Phone (313) 624- 
1541. Booth Nos 1025 and 1124. 

Circle No 645 


LOW-COST DMM 


The DM1 Pocket Pro is a 3%4-digit, 
14-range DMM that costs $30. It 
features autoranging, electronic 
overload protection on all ranges, 
autopolarity, and audible continuity 
indication for resistances measuring 
less than 200. The price includes a 
carrying case, built-in test leads, 
and a l-year warranty. 

A W Sperry Instruments Inc, 
245 Marcus Blvd, Hauppauge, NY 
11788. Phone (516) 231-7050. Booth 
No 421. 

Circle No 646 


INTERLOCK SWITCH 


This basic interlock switch is rated 
for a 20A/20V ac circuit. The 
switch’s five optional functions are: 
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primary interlock/auxiliary switch 
spdt, logic switch spst (normally 
open), secondary interlock (normal- 
ly open), monitor switch spst (nor- 
mally closed), and auxiliary switch 
spst (normally open). The switching 
functions have individual compart- 
ments. The blade terminals are sep- 
arated by barriers, and they meet 
DIN and NEMA standards. The cir- 
cuits are gold-plated or gold alloy. 
The switch meets UL, CSA, and 
DIN standards. $2.41 to $2.71. 
Tricon Industries Inc, 2325 Wis- 
consin Ave, Downers Grove, IL 
60515. Phone (312) 964-2330. Booth 
Nos 1517 and 1519. 
Circle No 647 


SMD FOIL RESISTOR 


The Ultra-chip is a surface-mount 
precision metal foil resistor with a 
temperature coefficient of 5 ppm/°C 
and a resistance tolerance of 
+0.05%. The chip’s resistance val- 
ues range from 5 to 50Q. The resis- 
tor is available in both wire- and 
face-bonded configurations, and it 
can withstand a soldering tempera- 
ture of 260°C for 10 sec; it operates 
over —65 to +175°C. $0.75 (500). 
Wilbrecht Electronics Inc, 240 
Plato Blud, St Paul, MN 55107. 
Phone (612) 222-2791. Booth No 
2589. 
Circle No 648 
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PORTABLE TERMINAL 


The notebook-size Datapad DP84 is 
a smart, portable terminal with a 
liquid-crystal display. The input 
buffer memory is 255 bytes. Mea- 
suring 11.8X8.8xX1.4 in. and weigh- 
ing 3.25 lbs, the terminal features a 
full-size, typewriter-style, full-trav- 
el keyboard; 10 programmable func- 
tion keys; an RS-232C port; a print- 
er port; graphics; and a 
16X80-character LCD that’s scroll- 
able to 24x132 characters. Options 
for the terminal include a built-in 
300-baud modem, a numeric keypad 
for full emulation of the DEC 
VT-100, and a carrying case. $995. 
15-day free evaluation. 

TEC Inc, Box 5646, Tuscon, AZ 
85703. Phone (602) 792-2230. Booth 
Nos 2689 and 2691. 


Circle No 649 


PC-BASED CAE/CAD 
The EE Designer CAE/CAD inte- 
grated software package comprises 
three programs for schematic cap- 
ture, circuit simulation, and pc- 
board layout. You can select and 
position component elements, lines, 
and graphic shapes with a mouse, 
keyboard, or digitizer pad. This 
module also supports automatic 
placement, rat’s nest connection, 
and back-annotation. A net-list ex- 


traction program transfers the data 
to a disk file, which is the input to 
the circuit-simulation and physical- 
layout module. 

The circuit-simulation module in- 
cludes a library of more than 150 
TTL and CMOS devices to which 
you can add your own devices. You 
characterize devices under test with 
such parameters as pin functions, 
drive levels, fanout, and propaga- 
tion delays. You can force signals to 
predefined states or randomly ini- 
tialize them. You can group signals 
into buses and display their states in 
hexadecimal form. 

The pe-board-layout module gen- 
erates drill tapes and plots of the 
circuit sides, the solder mask, and 
the silkscreen mask. To use the 
package, you need an IBM PC, 
PC/XT, PC/AT, or compatible com- 
puter with 512k bytes of RAM anda 
color graphics adapter or Tecmar 
640 x 400-pixel color card. The pack- 
age comes with a 30-day guarantee 
and costs $975. 

Visionics Corp, 1284 Geneva Dr, 
Sunnyvale, CA 94089. Phone (408) 
745-1551. Booth Nos 1076 and 1078. 

Circle No 650 


FERRITE MATERIAL 


The 3C85 ferrite material features 
guaranteed specs in both raw and 
finished form. At 25 kHz (25°C), 
losses are less than 190 mW/cm’; at 
100 kHz (25°C), losses are less than 
230 mW/cm?, which represents an 
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improvement of 40% over the com- 
pany’s earlier 3C8 material. At 
25°C, flux density for a magnetic 
field of 37.5 Oe is 5000 gauss typ; the 
initial permeability is 2000+20%. 
$0.30 to $2.50 (5000). 

Ferroxcube, 5083 King’s High- 
way, Saugerties, NY 12477. Phone 
(914) 246-2811. Booth Nos 1662 and 
1664. 
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DISPLAY 
The LTM-2416 is a programmable 
4-character intelligent display with 
RAM, ROM, a decoder, and a driver 
on board. Digit access is indepen- 
dent and asynchronous; the access 
time is 50 nsec. The display has a 
64-character ASCII format; the 
cursor function is denoted by a mag- 
nified 16-segment red LED. From 
$11 (10,000) to $18 (100). 

Lite-On Corp, 4951 Airport 
Pkwy, MS 570, Dallas, TX 75248. 
Phone (214) 239-3565. Booth No 
1258. 

Circle No 653 


68020-BASED BOARD 


The 68020-based SBE MPU-20 is a 
high-speed, 32-bit single-board com- 
puter for Multibus systems. The 
computer runs at either 12.5 or 16.7 
MHz; you can gain additional speed 
by using a 68881 floating-point co- 
processor. The MPU-20 has either 
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1M or 4M bytes of onboard RAM; an 
optional memory-expansion module 
doubles the memory capacity. The 
onboard memory is dual-ported and 
can appear on the bus in 64k- to 
8M-byte blocks. 

The board has two multiprotocol, 
full-duplex serial ports and a 68230 
24-bit bidirectional parallel port and 
timer. Two of the board’s 28-pin 
sockets are dedicated to EPROM, 
and two may contain EPROMs, stat- 
ic RAMs, or EEPROMs. The board 
has two 16-bit iSBX connectors for 
I/O expansion. The Mailbox feature 
can generate a local interrupt, a 
Multibus interrupt, and a local 
reset. The Mailbox also supports a 
status register, which allows anoth- 
er Multibus master to monitor sta- 
tus conditions on the MPU-20. 
$1995. 

SBE Inc, 2400 Bisso Lane, Con- 
cord, CA 94520. Phone (800) 221- 
6458; in CA, (415) 680-7722. Booth 
Nos 4009 and 4011. 
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LCD BAR GRAPH 


The DBGC101 LCD indicator offers 
101 segments of dynamic trend in- 
formation, as well as a 3-digit dis- 
play. Standard full-scale digital val- 
ues are 300, 500, or 999; any 
absolute end-scale value can be fac- 
tory-programmed at no extra 
charge. The display’s metal enclo- 


sure and bezel measure 48x 
144X152 mm; without the con- 
trol electronics, the display is % in. 
deep. Optional EL backlighting 
makes the LCD easier to read in low 
light. 

To facilitate on/off process con- 
trol, the display also offers remote 
setpoints with form C relay require- 
ments; the setpoint locations can 
display data continuously or by com- 
mand. The unit consumes 0.35W at 
dV de; an internal 117V ac power 
supply is optional. $214 (100). 

Dixson Inc, Instruments Div, 
Box 1449, Grand Junction, CO 
81502. Phone (303) 242-8863. Booth 
No 2292. 

Circle No 654 


BUS ENCLOSURES 
You can order the Beta-Com Euro- 
card subrack system and accesso- 
ries in kit form; the manufacturer 
can also modify or assemble kits per 
your instructions. You can load and 
unload tapped strips without dis- 
mantling the rack. V-profile guides 
leave the rack position number visi- 
ble. $40 to $70. 

Premier Metal Products Co, 
16641 Orange Way, Fontana, CA 
92335. Phone (714) 829-3089. Booth 
Nos 3476 and 3478. 

Circle No 655 


LASER ENCODER 


This incremental rotary optical en- 
coder, which is 36 mm in diameter 
and 47.5 mm long, produces 81k 
pulses/revolution with a response 
frequency of 500 kHz, or 6 revolu- 
tions/sec. The inertial moment of 
the rotor is 5g/cm*. The output sig- 
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National 
Semiconductor 


Introducing the 
worlds first monolithic 


10. amp op amp. But wait,theres more. 


spearheaded by Widlar. Only from 
National Semiconductor. 


It drives 150W into 4Q. And it’s 
fault tolerant. 


THAT'S NOT ALL. 


The new LM12 from National sire pes sega YOU GET MORE 
Semiconductor outdrives the average FEAT 
op amp by 1000 times, and eliminates the FROM NATIONAL. ges Abeddenmee 
need for you to design discrete power- : : “3 
transistor circuitry and many complex Pieter a e 150Winto 40, 
switching schemes. OpAmp Current = Rate Vos (max) © Power bandwidth of 60k Hz 


THAT’S RIGHT. 
IT SIMPLIFIES YOUR DESIGNS. 


The LM12 obsoletes many of the 
conventional switching, protection, fault 
tolerance and thermal limiting devices 
youve had to use. 

Use it to simplify the design of such 
circuits as audio amplifiers, servo ampli- 
fiers and voltage regulators. The LM12s 
peak power rating of 800W makes it 
perfect for driving reactive loads. 

Only National, the Linear Leader, 
could offer you a single-chip op amp 
with so much power and versatility. 

All further enhanced by quality that's 
second to none. Our unique quality- 
assurance programs keep the reliability 
of our products at the highest levels 

in the industry. 


¢ (+) 10A output current 
© Output current limiting 
¢ Output thermal protection 


The LM12 allows you greater power 
as well as greater freedom of design 
than ever before. For information about 
the LM12 or any of the other members 
of National’s family of op amp devices, 
call your National sales engineer or 
distributor today. 


LMI2CLK 0A = Wyss mV 
LM675T 3h BVus.Ss10mV 
LHOLOICK 2A ~—'10Vjs_—s10mV 
LHOO2ICK IA Mus. ~—s mV 
LHOO6ICK 0.54 70V/us 10mV 
LHO04ICG 0.24 3Vus 6mV 


Innovation has always been our 
tradition. In 1966, by encouraging 
the work of bold designers like Robert 
Widlar, National introduced its first 10 
mA op amp. Recently, our LM675, a 

3 amp device, has been making the 
headlines. 

And now there's the LM12. Its 

technology on the cutting edge, still 


National 
Semiconductor 


MS/23-200, P.O. Box 58090, 
2900 Semiconductor Drive, 
Santa Clara, CA 95052-8090. 
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tage of a wide range of boards and 
software adapted to your applica- 
tions and conforming to the most 
widely recognised bus standards on 
the market VMEbus and G 64. 


We have all the brains 
you need. 


Does your business involve you in 
such diverse fields as industrial pro- 
cess monitoring, robotics, data acquli- 
sition, medicine or education ? 

Well, with Thomson Semiconducteurs 
Microsystems you will - 
- Save valuable time by taking advan- 


- Take advantage of either the UNIX 
system V'release 2 worldin conjunc- 
tion with the high-performance real- 
time kernel pSOS-68K* or the OS-9* 
operating system to develop your 
applications. 


sO bUTPPON 


- Benefit from numerous utilities and 
high-level languages (PASCAL, C, 
FORTRAN, etc) enabling quicker 
project completion. 

- Increase your expertise, confer with 
our team of specialists who will ans- 
wer all your questions and advise 
you in your choice. 

This is all you need: intelligence 
coupled with complete flexibility to 
help you get the best out of your 
systems. 


5565 POLARIS 


SEMICONDUCTEURS 


SEAS 


THOMSON SEMICONDUCTEURS 43, Av. de l'Europe - 78140 VELIZY FRANCE - Tél: (1) 39.46.97.19. 


*“Registered trademarks: UNIX - AT & T, pSOS-68K - Software Components Group, OS-9 - Microware System Corp”. 


Electronica - Munich - 11 to 15 November 86 - Hall 24 - Stand B10. 
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ues ranging from 0.01 to 1000 MQ, 


nal consists of two square or sine 
waves, 90° out of phase. The light 
source is a semiconductor laser with 
a wavelength of 780 nm and a max 
output of 5 mW. Power-supply re- 
quirements are +5V dc at 200 mA. 
$1950. 

Canon USA Inc, Components 
Div, 1 Canon Plaza, Lake Success, 
NY 11042. Phone (516) 488-6700. 
Booth Nos 1544, 1546, and 1548. 
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1553B HYBRID 


The CT1800 MIL-STD-1553B re- 
mote-terminal interface contains a 
double-buffered dual-ported inter- 
nal memory and register system, 
allowing the remote terminal to 
handle read/write data indepen- 
dently of the system microproces- 
sor. A dual-ported 4k-byte CMOS 
RAM memory is_ subaddress- 
mapped into separate receive and 
transmit memory areas, each of 
which is capable of storing as many 
as 30 full messages. Transmit/re- 
ceive and I/O FIFO buffers ensure 
that old and new data are not mixed 
and transmitted. The CT1800 also 
features pin programmability, a 
flexible interrupt scheme, a double- 
buffered receive command register, 
and separate syne and vector data 
word registers. 

Operating over —55 to +125°C, 
the hybrid requires 5V and typically 
draws 100 mA while active and 50 
mA while on standby. The part 
comes in a 90-pin, 100-mil DIP or an 
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88-pin, 50-mil flatpack. $1250. 
Circuit Technology Inc, 160 
Smith St, Farmingdale, NY 11735. 
Phone (516) 293-8686. Booth No 
1340. 
Circle No 659 


RLC DECADE BOX 


The PRS-200 programmable RLC 
decade box features resistance val- 


inductance values of 1 pH to 
100H, and capacitance of 1 pF to 
1000 wF. The unit is available with 
tolerances ranging from 0.0 to 4%; 
options in power, voltage ratings, 
and custom combinations are also 
available. The unit is programmable 
through either the IEEE-488 or the 
BCD interface. Its switch time is 
less than 4 msec. The decade box 


NO OTHER 
EL LAMP 
CAN HOLD 
A CANDELA 
TO OURS. 
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AIR... 


Plus, a few components. Together, they comprise the 
most sophisticated high voltage DC power supply you 
can buy. 

Because air is the primary insulating medium for all 
Glassman power supplies, they are lightweight, small, 
and low cost. Their conservative design margins give 
you long component life. And keeping the units free of 
oil and potting compound makes it easy to service them 
if something finally does wear out. 


| want to get a better look at what’s inside one of 
your power supplies. My applications might range from: 


% 
l | 
| 
et KV @ Oto mA; : 
: to 0 to KV @ Oto mA. l 
| Please print: 7 
| Name | 
l 
, Company | 
{ Address : 
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But compactness and durability are not all you get in 
Glassman’s advanced designs. Inherent in each model is 
exceptionally tight regulation (better than 0.005%, both 
line and load, on most models), low ripple, and eXxCcep- 
tional efficiency resulting in low internal dissipation and 
high reliability. 

And you get choice. If your high voltage DC power 
requirements fall somewhere between 0-3KV and 
O—400KV, up to 5,000 watts, one of our more than 300 
standard models will probably meet your requirements. 
Plus, our standard options give you the possibility of 
thousands of alternate models. If none of these are what 
you need, our staff will work with you to create a unit to 
meet your project goals. 

For a closer look at what's inside a Glassman power 
supply, call John Belden at 201-534-9007 or return the 
coupon at left. 


Innovations in high voltage power supply technology. 


Route #22 (East), Salem Park, P.O. Box 551, Whitehouse Station, N.J. 08889 
(201) 534-9007 * TWX-480-2839 
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ean also be set up manually via a 
bank of thumbwheel switches. 
From $500. 

IET Labs Inc, 534 Main St, West- 
bury, NY 11590. Phone (516) 334- 
5959. Booth No 3426. 
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DIGITAL JOYSTICK 


The Series 4 digital joystick switch 
features a cross-type contact system 
suspended on a common terminal; 
the contact makes a switch closure 
in one of four quadrants, depending 
on the direction of the actuating 
force. Because the contact action is 
the make-before-break type, the ad- 
jacent quadrature closures contact 
the common as the actuator moves 
from one adjacent postion to the 
next. The switch is rated to make 
and break 250 mA at 115V ac. Con- 
tact resistance is 25 mQ. The switch 
measures 0.850 in* and extends 
0.550 in. below the panel; its overall 
height depends on the actuator 
type. $4.25 (100). 

Grayhill Inc, Box 10373, La 
Grange, IL 60525. Phone (312) 354- 
1040. Booth Nos 2032 to 2040. 
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BUS CONTROLLER 


The 4835 bus controller enables 
your RS-232C or RS-422 data port 
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to function as an IEEE-488 bus con- 
troller. Multiple 4835 systems can 
be connected to a computer; the unit 


Our thin, flexible electrolumines- 
cent lamps dramatically improve 
LCD readout by providing higher 
contrast and better visibility. A thin 
profile (.032”) allows high density 
packaging, and pressure-sensitive 
adhesive can be supplied on front 
or rear surfaces for rapid assembly. 


Uniform, cool light source in 
many shapes, sizes and colors 
Our backlighting ELs emit even illu- 
mination across the entire lamp sur- 
face. They also eliminate the need 
for sockets, bulbs, diffusers or reflec- 
tors. Lamps are usually supplied in 
rectangular shapes, but we can cre- 
ate many custom shapes and sizes 


ean be as far as 50 ft from the 
computer on an RS-232C link or as 
far as 4000 ft away on an RS-422 
link. You can also connect the con- 
troller to the host through a modem. 
$1525. 

ICS Electronics Corp, 2185 Old 
Oakland Rd, San Jose, CA 95131. 
Phone (408) 263-4844. Booth No 
3150. 

Circle No 661 


including complex forms with multi- 
ple holes and cutouts. With IC-style 
leads, lamps are compatible with 
PCB assembly. Eight standard colors 
are available and custom colors can 
be created. 


lf you'd like more information 
relating to LCD applications, just call, 
write or TWX the LSI Marketing 
Department. 


Luminescent 
vv Systems 


a 
Setting the Standard 


Tel. (603) 448-3444 TWX 710-366-0607 
Etna Rd., Lebanon, NH 03766 
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SMT TRAINING KIT 


This training kit is an introduction 
to surface-mount technology (SMT). 
The basic (SMT1000) kit’s hardware 
includes five double-sided pe boards 
with patterns for small-outline-IC 
and PLCC packages; a single-sided 
board with different PLCC pat- 
terns; a 2-part adhesive; solder; sol- 
der paste; component-attachment 
and -interconnection devices; and a 
50-page manual. The manual’s refer- 
ence section lists additional suppli- 
ers and manufacturers of SMT prod- 
ucts. 

The SMT2000 kit includes an ad- 
ditional 270 surface-mount ceramic 
chip capacitors, 300 surface-mount 
resistors, and 10 diodes and 10 tran- 
sistors in SOT-23 packages. 
SMT1000, $215; SMT2000, $348. 

Vector Electronic Co, 12460 
Gladstone Ave, Sylmar, CA 91342. 
Phone (818) 365-9661. Booth Nos 
2539 and 2541. 

Circle No 662 


SPECTRUM ANALYZER 


The Model 2382 spectrum-analyzer 
system covers frequencies from 100 
kHz to 400 MHz with 1-Hz resolu- 
tion. The keyboard-controlled unit 
is IEEE-488 compatible; it can sup- 
ply direct inputs to a color genera- 
tor. The electronic graticule offers 
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various axis labels, such as linear 
and logarithmic scales. 

The analyzer features an accuracy 
of +1 dB at any frequency. It allows 
the automatic setting of IF gain, RF 
attenuation, and filter bandwidth, 
and it has an automatic-calibration 
facility. Four separate analog ad- 
justments control the level, frequen- 
cy, and span, and the marker. The 
overload-protection capability pre- 


vents damage from a high-level 
input connection. $19,945. 
Marconi Instruments, 3 Pearl 
Ct, Allendale, NJ 07401. Phone 
(201) 934-9050. Booth No 3468 and 
3470. 
Circle No 660 
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At only 085" thick, our new fiber 
glass electroluminescent panels are 
designed to replace lightplates and 
traditional metal plates that may 
not presently be illuminated. Our 
thin .085” panels weigh 40% less 
than a typical .220" plexiglass panel, 
and with an expansion coefficient 
equal to aluminum, the panels are 


ideal for surface- mount applications. 


LSI electroluminescent panel 


As the pioneer developers of EL 
lamps, as well as the process of 
encapsulation, we have combined 
the uniform, cool surface illumina- 
tion of ELwith the strength of 
fiberglass to create a new standard 
for panels. 


Durability and long life 
luminescence 

LSI ELlamps eliminate the need for 
sockets, bulbs, diffusers or reflec- 
tors, and add no heat to the assem- 
bly. This, together with their long 
life and availability i inmany colors, 
make them the intelligent choice 
for panel illumination —far superior 
to LEDs or incandescent bulbs. We 
create pariels (including standard 
.220" plexiglass) in almost any 
shape and size, as well as complex 
designs w th multiple holes and 
cutouts. Lamps can be filtered to 
comply to ANVIS or other military 
specifications, or to your design 
requirements. 


If you'd like a copy of our brochure, 
or have questions regarding panel 
applications, just call, write or TWX 
the LSI Marketing Department. 


Luminescent 


Setting the Standard 
Tel. (603) 448-3444 TWX 710-366-0607 
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No compromises. 


The new SBE MPU-20 for Multibus. 

If you'd like to add 32-bit performance to your 68000- 
based system, the MPU-20 makes it simple. Pull your 68000 
board. Plug in the SBE IEEE-796 compatible MPU-20, 
That way, you'll get the power (typically 2.5X to 5.0X faster) 
and flexibility of an MC68020 system while you protect 
your investment in existing hardware and software. If you 
could use a little help, our team joins your team. And our 
customers will tell you we're second to no one in engineering 
and software support. 

Top-end performance. 

No compromises. The MPU-20 is designed to function 
as a Standalone microcomputer, as a single CPU controller 
in a Multibus system, or, as one of many CPUs in a multi- 
processor configuration. Running at your choice of 12.5 or 
16.7 MHz, the MPU-20 combines high performance with 
versatile I/O components. The combination is particularly 
applicable to process control, robotics, data acquisition 
and machine vision. And if you're turbocharging an exist- 
ing system, the MPU-20 runs most 68000 software 
immediately. It’s loaded with powerful features like 1 to 
8 Megabytes of on-board, parity-protected, dual-ported 


RAM and two independent, full duplex RS-232-C channels. 
And optionally, a 68881 floating point coprocessor and 
memory management. 

Bottom-end prices. 

No compromises. With SBE, you can build in the 
performance your customers need, at a price you and your 
customers can afford. $1995 in 100’s. Other people may 
compare with that price, but they can’t compare with the 
performance of the MPU-20. And we encourage you to 
shop them all. 

A no compromise offer. 

If you'd like to evaluate the MPU-20 for yourself, we 
make it easy. We offer systems designers and engineers our 
“Starter Kit,’an MPU-20 standalone computer board 
with 1 Megabyte of RAM, plus PROBUG® software and 
cabling at the quantity 100 piece price of $1995. And 
we offer our guarantee: If it isn’t everything we say it is, 
just return it for a refund. And if you ever have a problem, 
we want to hear about it. 

Better boards. Better prices. 

We're committed to the price/performance equation. And 
we're equally committed to better engineering, better software, 


TRADEMARKS: UNIX, AT&T; REGULUS, ALCYON, INC.; VRTX, HUNTER & READY; UNIFY, UNIFY CORPORATION; ULTRACALC, OLYMPUS SOFTWARE: COMUS AND PROBUG, SBE, INC. 
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and better support. That’s a tall order. But we're % 


delivering. iS 
Across-the-board Multibus. \ “pies 


If you need it, you can probably get it from SBE. % gn 
Turnkey Multibus computer systems, standalone CPU \ cpu 8° 
boards, memory management boards, intelligent |, Sheet 
communications boards, SERX and SCSlinterface y ON aki? ws 
modules to operating systems, languages and utilities. 4 anode 

More than boards. Solutions. Lok 

When you look to SBE as your supplier you get boards, 4 ee ocsh 
in quantity, on time. You also get our support team in 
both hardware and software. Because we want to offer you 
total solutions. Even custom solutions for qualified OEMs. ‘ 
Our aim is to see that you get better systems, faster, and at 
better prices. No compromises. 

One stop shopping. 

Check off your interests on the adjacent coupon. Mail 
it to us and we'll mail back our short form catalog plus spec 
sheets on the boards and software that particularly inter- 
est you. Can't wait? Call us Toll Free: (800) 221-6458. In 
California: (800) 328-9900. Tell us what you need. We'll 
get back to you with solutions. Fast. ca 


“= SBE we 
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Heres a list of 
all backplan 


1. Low Voltage Drop 

2. Internal Layers 

3. External Busing 

4. Multiple Voltages 

9. Current Capacity 

6. Low Inductance 

7. First-Make/Last-Break 
8. Design Flexibility 


e interconnection 
power distribution issues: 
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Heres a list of 
companies who address 
them all: 


1. Teradyne 


OL oe 


Whether youre using LSI, VLSI or VHSIC...CMOS, ECL or Schottky, 
Teradyne’s systems approach will successfully address your 
power distribution issues and meet your cost, reliability and time-to-market objectives. 
If power distribution is really an issue with your backplane systems, 
call us today for more information. Teradyne Connection Systems, 
44 Simon Street, Nashua, NH 03060. (603) 889-5156. 


w ERADY NE; 


Connecting problem . . . and solution 
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RAPID DEPLOYMENT 


Intel’s new military 
MG80386 microproces- 
sor is now ready for im- 
mediate deployment. 

We mean right away. 
Right off-the-shelf. 
Which means you can 
quickly get your design 


into production with 
all the benefits of Intel's 
world-class manufactur- 
ing capability 

Including our 1.5 
micron CHMOS III pro- 
cess. The technology 
that provides both low 
power consumption 
and high total 
dose radiation 
tolerance (in 
excess Of 100K 
RADS Si). Allowing 
you to build high 
performance, 
high radiation- 
tolerant systems that 
save space, weight and 
power. 

Best of all, you get 
steady continuity of 
supply Because CHMOS 
III is a proven technol- 
ogy thats delivered 
hundreds of thousands 
of successful products 
for years. 

But continuity of 
supply is only half the 
story. 

Consider that the 
MG80386 is the only 
32-bit chip to provide 
complete hardware 
support for multitask- 
ing on-chip. Included 
in the CPU is a Memory 
Management Unit that 
provides support for 
virtual memory opera- 


Rate 


VHSIC 
¢ Functional Throughput 


¢ Radiation Tolerance 
(Total Dose) 


* Input Clock Frequency 
° Chip Density 


tions, optional on-chip 
paging and four levels 
of software protection. 
Which makes it ideal 
for military applica- 
tions that require a high 
degree of security and 
lightning-fast speed. 
Military designers 
MG80386 
3.0 x 102 Gates * Hz 
ac a 
>105 RADS (Si) 
32 MHz 


Approx. 90,000 Gates 
(275,000 transistors) 


The MG80386 gives you a blazing 3.5 to 4 MIPS with a functional 
throughput that exceeds VHSIC product performance requirements. 


will also appreciate all 
the development sup- 
port available for the 
MG80386. Like Fortran, C 


and Intel’s own ADA” lan- 


guage compiler. Which 
provides the most use- 
ful and most used lan- 
guage On easy-to-use 
development systems. 

For more information 
on the MG80386, call 
Intel toll-free: (800) 
548-4725. Or write Intel 
Corporation, Lit. Dept. 
W-324, 3065 Bowers 
Ave., Santa Clara, CA 
95051. 

And get our rapid 
deployment force fight- 
ing on your side. 


intel 


ADA is a trademark of the D.O.D. (AJPO ). © 1986 Intel Corporation. 
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Now there’ a 96MB drive 
with something extra: . 


If you're putting together multiuser or other high-end 
systems, Seagate has the manufacturing experience 
to deliver dependable, high-capacity 54" drives— 
whether you need 10 or 10,000. 

Through precision production, our ST4096 hard disc 
drive provides 80MB of formatted capacity and stands 
up to rugged industrial environments as well as data- 
intensive office use. 

For frequent and rapid data retrieval, the ST4096 has 
28 ms average access time and 78,336 bytes per cylinder. 
Integration is handled through a standard ST412 inter- 
face, and a linear voice coil actuator ensures precise 
recording performance. 

Each drive is built with the same skill and reliability 
that have made Seagate the world’s leading supplier of 
5%" hard disc drives. People who demand performance 
have bought more than 3 million of our drives for small 
computer applications. 

If you want Seagate quality in a high-capacity drive, 
call Hamilton/Avnet at 1-800-4-HAMILTON. Or call 
Seagate at 800-468-DISC. In California, 800-468-DISK. 
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Make your own 
low-cost 8051 
emulator 


After building the simple device described 


in this article, you can use it as an emula- 
tor for 8051-family single-chip-.P projects, 
in computer education as an introduction 
to the 8051 (or to single-chip Ps in gen- 
eral), and to run the reference copy of a 
program that you've embedded in a target 
system tn the field. 


Eric P Horton, Nova Scotia Power Corp 


This low-cost design system and 8051-family emulator, 
which you can build with a handful of common compo- 
nents, has most of the features of systems costing 
thousands of dollars. The emulator provides single- 
stepping, both software and hardware breakpoints, and 
register-status reports for your application programs 
that execute in emulation RAM. You can control it with 
a simple terminal or personal computer. 

Engineers are using the 8051 single-chip pP (EDN, 
November 28, 1985, pg 125) in products as diverse as 
musical synthesizers and high-power variable-frequen- 
cy motor drives. The 8051 represents a tenfold increase 
in computing power over its predecessor, the 8048, 
because of such features as a 128k-byte address range, 
an on-chip UART, two 16-bit timer/counters, Boolean 
processing facilities, multiply and divide instructions, 
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and an instruction-cycle time that’s shorter than that of 
the 8048. 

The instructions (op codes) of the 8051 are regular, 
sequential, and easy to tabulate. Hand assembly of 
short application programs for the 8051 is, therefore, 
relatively simple. The system’s monitor program allows 
you to enter small programs directly into memory. The 
monitor can also handle files that are downloaded into 
emulation memory via its RS-232C port. Any one of the 
8051 cross-assemblers available for personal computers 
suits more-involved programming projects. 

To ensure that you’ll have maximum confidence in the 
operation of a target system developed and debugged 
on your emulation system, you must make sure that 
your system’s emulation hardware and monitor pro- 
gram are transparent (that is, that they have no effect 
upon the application code being executed or the data in 
the pP’s registers and RAM). The system provides 
exact emulation in some areas while compromising in 
others. For example, most of the special-function regis- 
ters, which are the heart of the 8051, are left untouched 
by this system and are therefore available to you. Only 
the port registers that are required for accessing exter- 
nal memory are unavailable. 

Further, all of port 1 is free, as are the important 
pins of port 3, including the serial port’s receive and 
transmit pins, the two counter inputs, and the external- 
interrupt pins. Except for using some stack locations 
temporarily, the system does not affect any of the 
internal data RAM. This RAM includes the four banks 
of registers, the bit-addressed, byte-wide subset RAM, 
and the normal byte-wide RAM. 
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The emulation system’s monitor program 
allows you to enter programs directly 
via the RS-232C port. 


74HCT74 


BREAKPOINT LOGIC 
AND RAM 


1/0 AND RAM 


CPU, 1/0, AND RAM MONITOR ROM USER RAM 


1489 1489 
Om O< | 
1489 NOTE: ALL DIODES ARE 1N34A 
So 8.2k 1488 
0.005 uF 
1488 
88 ~ 
14 = a) 
o<} 220 pF oe HH 2nz908 
SPARE FOR = 
ee fs v\ 
O -12Vv 


2400 BAUD 


Fig 1—With a handful of components, you can build an 8051-family emulator. This version of the design features a monitor program in the 
2716 EPROM, a program RAM (6264), a hardware-breakpoint RAM (2141), and an 8155 that substitutes for the missing ports of the 8031 pP. 
Note also that your CRT terminal or personal computer does not use the pP’s serial port for communication. Switches in the memory-address 


lines allow you to run your applications program without the monitor present. 
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Of course, you must expect some compromises when 
you construct such a simple system from standard 
(non-bond-out) components and attempt to keep it 
transparent while having complete control and access 
to it. One of these compromises is that the substitute 
ports (PO’ and P2’) in the 8155 or 8755 lack the 
flexibility and direct addressability of the actual ports 
in the pP that they replace (Fig 1). 

Further, to move the stack away from the area of 
internal RAM containing the register banks, the moni- 
tor program sets the stack pointer to 60uex after a 
reset. (You can redirect the stack to any internal RAM 
area other than register bank 3.) 

The monitor uses pin P2;, which is address line A,;, to 
effect a simple serial output without wasting other port 
pins. This pin usage limits the program and data 
memory space to 82k bytes. In addition, the system 
reaches the user’s interrupt-vector addresses via long 
jump instructions from the monitor program, so the 
user interrupts have slightly longer response times. 

Another compromise is that an input denoted INT1’ 
substitutes for pin P33. This substitute pin is available 


INTERRUPT-ENABLE REGISTER 


INPUT LEVEL AND INTERRUPT- 
INTERRUPT-REQUEST- | SOURCE GLOBAL PRIORITY 
FLAG REGISTERS ENABLE ENABLE 


REGISTER 


as the user’s external-interrupt pin. Alternatively, you 
can use the pin as a simple input if serial communication 
into the monitor program is not required. The pP’s: 
actual INT1 pin is the monitor program’s interrupt pin. 
Finally, in order for the breakpoints or single-step 
commands to function, the monitor’s interrupt must 
remain enabled. 


Monitor handles new processors 


The emulation system you build will be compatible 
with the 8052 and the 8032, the two most recent 
members of the 8051 family. These Ps have twice the 
internal data RAM of the 8051. They also have a third 
timer/counter that has more features than do the other 
two. Your emulator’s monitor program can handle all of 
the 8052’s special-function registers. When you use the 
system with an 8051 processor, the 8052 registers will 
remain undefined and generally display their contents 
as FF urx. 

You can build several versions of this system. You can 
use different combinations of components to build an 
emulator that ranges from a very simple design to one 


POLLING 
HARDWARE 


HIGH-PRIORITY 
INTERRUPT 
REQUEST 


LOW-PRIORITY 
INTERRUPT 
REQUEST 


Fig 2—The flexible interrupt structure of the 8051 allows the monitor interrupt, INT1, to be at high priority, while all the other interrupts 


remain at low priority during the testing and debugging. 
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The system leaves most of the 8051s spe- 
cial-function registers untouched and avail- 


able to you. 


that completely emulates the 8051. The minimum basic 
building blocks consist of an 8051-family CPU; the 
monitor program, in some form of ROM; some external 
user RAM; and, if you wish, the substitute I/O ports. 
Paradoxically, as is the case in many small systems, 


SHORT 
REGISTER 
00 REPORT 


Fig 3—The monitor prints one of three versions of a register report, 
depending on which command you use: The short-report format 
prints only the first two lines of a; the medium-report format prints 
the first two lines plus the register contents in the shaded portion; and 
the full-report format dumps the status of the entire 8051. The format 
of the printout you receive while yow’re examining and changing 
memory is shown in b. 
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there appears to be an inverse relationship between the 
system’s price and its component count. For example, 
although the 8755 combines an address latch, a 2k-byte 
EPROM, and two I/O ports in a single package, it’s 
generally much more expensive than the several chips it 
replaces. The same is true for the 8751, which combines 
the CPU with RAM, I/O ports, and a 4k-byte EPROM. 
Fig 1 shows a low-cost, 8031-based system with 8k 
bytes of emulation RAM. With just an 8751 and an 
8155, you can construct a minimum-component system 
that provides just 240 bytes of program RAM. 

You can choose from a number of building blocks in 
constructing your system. For the CPU, RAM, and I/O, 
for example, you can use an 8031 or 8032 (without 
internal ROM), and you can use an 8751’s internal 
EPROM for the monitor program. 

For the monitor-program memory, you can use a 
2700-family standard EPROM of at least 2k bytes (2716 
min), an 8755 latched-address 2k-byte EPROM with I/O 
ports, or an 8751’s internal EPROM (4k bytes avail- 
able). 

For the program RAM, you can employ a standard 
static RAM (the 2k-byte 6116 or the 8k-byte 6264), a 
1k-byte 8185, or the 256-byte 8155. If you use an 8155 
for the data RAM, you'll have 240 bytes free. If you use 
a larger static RAM for program memory, you can put 
your data memory in any free section. 

You can use either port A and B of an 8155 or port 0 
and 1 of an 8755 as the emulation ports, PO’ and P2’. 
For the breakpoint memory, you can use 1kx1-bit 2102 
or a 4kx1-bit 2141; in any case, the breakpoint memory 
must have the same depth as your program RAM. 


Looking at the memory map 


To further explore both the capabilities and the 
limitations of this system, you must examine the sys- 
tem’s memory map to see how your program and the 
monitor coexist. The active-low chip-select lines CSo, 
CS2, and CS, divide the 32k-byte address space into 
8k-byte blocks (Fig 1). Address line Aj; is CSo, and two 
gates of the 74LS00 decode and generate CS: and CS,. 
Table 1 lists the ways the system uses these blocks. 

The 8051 normally has a Harvard-type architecture 
(in other words, the chip’s data and the program 
memory spaces are addressed separately). You must, 
however, be able to examine and modify program 
memory as though it actually were external data. 
Therefore, the read signal to the emulation RAM 
consists of the RD and PSEN control lines, which are 
ANDed together. The external data RAM and the 
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program RAM thus share the same address space, as in 
a von Neumann architecture. 

The emulation memory isn’t the only RAM in the 
system. The hardware breakpoints use a 1-bit-wide 
RAM, which shadows the user program RAM. The 
set-breakpoint command writes zeros at addresses 
where you want hardware breakpoints. The emulator 
uses port C, of the 8155 and the wP’s RD control line to 
set the hardware-breakpoint RAM. During program 
execution, if the hardware-breakpoint RAM generates 
a zero, and the PSEN qualifies the breakpoint by 
clocking the D flip-flop (Fig 1), the breakpoint causes a 
monitor interrupt via the series-connected 1489 gates. 
The hardware breakpoint facility is more flexible than a 
software method: Setting and clearing breakpoints 
require no changes to your program. 


Setting hardware breakpoints 


Note that you communicate with the monitor through 
a relatively transparent software UART, using only a 
standard data terminal. This UART is not the onboard 
serial port of the 8051 that has been reserved for the 
user. In fact, you can transmit and receive single bytes 
through the 8051’s serial port directly by using the 
examine/modify commands of the monitor, as long as 
you have set up the 8051’s control registers properly. 


A hard look at the hardware 


You construct most of the system by using normal 
procedures for connecting memory and I/O to a pP with 
a multiplexed data bus. The design keeps the glue- 
parts count low by making unconventional use of the 
1488 driver, the 1489 receiver, and the 74HC74. For 
instance, one of the 1489’s gates functions as a NOR 
gate; it combines the monitor-interrupt sources and a 
positive pulse of 4 wsec (derived from a stretched RD 
pulse via the diode-capacitor network), and applies the 
result to the input circuitry of the wP’s INT1 pin. This 
NOR gate allows the monitor program to separate a 
program-breakpoint request from an INT1’ input. Be- 
cause the output stage of the 1489 receiver comprises a 
pullup resistor and an open-collector stage, the INT1’ 
input need only be wire-AN Ded to it with just a diode. 

In the serial-output circuit from P2,(A);) to the user’s 
terminal, a pnp transistor and a capacitor stretch a 
mark-level pulse from 1 to 18 psec. This stretching 
provides a steady, nonpulsating output, even though 
P2, subsequently functions as a high-address bit whose 
polarity is the opposite of that of a mark level. The 
hardware-breakpoint logic requires only one of the D 
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TABLE 1— 
8051-EMULATOR MEMORY MAP 


CHIP-SELECT 
LINE 


PURPOSE 


ADDRESS SPACE 


2000 TO 3FFF USER PROGRAM 


MEMORY 


flip-flops. The remaining flip-flop functions as an OR 
gate for the RD line and a line from Port C. A resistor 
and a capacitor, which compensate for the 10-nsec 
propagation delay associated with one of the flip-flop’s 
internal latches, ensure that the flip-flops will operate 
properly as a logic gate and prevent an undetermined 
output state. A transmitter and a receiver section of the 
1488 and the 1489 remain uncommitted; you can use 
them for any applications of the serial port that require 
RS-232C signal levels. 


Monitor forms the heart of the system 

Now consider the system’s software. When the 8051 
returns from an interrupt routine, it always executes at 
least one instruction before honoring another interrupt 
request, even if the request bit is still set. Therefore, 
the monitor needs only a little software to create a 
single-step command. Because the various interrupt- 
request flags are individually addressable bits in the 
special-function registers, software—as well as hard- 
ware—can set or clear the flags. Thus, setting the flag 
for the monitor program’s interrupt invokes a software 
breakpoint. You can, therefore, put software break- 
points anywhere in your program simply by inserting 
the 2-byte instruction SETB IE1. 

The monitor program for this system is actually a 
very large interrupt routine. A software or hardware 
breakpoint in the program under development invokes 
the monitor and, upon completion of its tasks, the 
monitor returns control to the program under develop- 
ment. 

The sources for the monitor interrupt INT1 include 
the user’s serial port, the hardware-breakpoint logic, 
and the software-breakpoint instruction. These simple 
breakpoint systems do not stop the processor on a dime; 
how far it carries on and continues to run after the 
breakpoint depends upon the byte count and number of 
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You can use different combinations of com- 


ponents to build an emulator that ranges 
from a very simple design to one that com- 
pletely emulates the 8051. 


TABLE 2—8051-EMULATOR POINTER LOCATIONS 


COMMAND 
SCO GEOL OUOFE | Peels Sia nen 
*D1 00 00 TO 00 7F 8051 INTERNAL DATA RAM 
"D101 01 PORT 1, PORT 2’, AND PORT 3 


~*D1 0103 
COUNTER 1 HIGH AND LOW BYTES 


*D1 01 05 


D1 01 O7+ 


INTERRUPT ENABLE, INTERRUPT PRIORITY 


MEMORY OR P REGISTER 


TIMER/COUNTER CONTROL, TIMER/COUNTER MODE, TIMER/COUNTER 0 HIGH AND LOW BYTES, TIMER/ 


TIMER/COUNTER 2 HIGH AND LOW BYTES, CAPTURE REGISTERS HIGH AND LOW 


Tt FOR ANY HIGHER VALUES FOR THE POINTER THIS LAST COMMAND DEFAULTS TO THE ACCUMULATOR, B, PSW, ETC. 


machine cycles of the particular instruction at the 
selected breakpoint location. Typically, the user pro- 
gram executes one additional instruction before the 
monitor program takes over. 

Unlike some more-expensive emulators, this system 
does not allow you to qualify breakpoints by either data 
or the type of processor cycle. Both the hardware and 
the software breakpoints of this system provide only 
program code-address breakpoints. Further, in the 
case of the hardware approach, the processor’s pre- 
fetching of instructions can cause a program break even 
if the CPU never executed an instruction on which a 
breakpoint was set. For example, a program break 
could happen if you placed a breakpoint directly after a 
branch-control instruction, such as DJNZ. 


Monitor needs elbow room 


The monitor needs working space in the on-chip 
registers for its display and modify functions. To obtain 
this space, the monitor temporarily saves the stack 
pointer (SP), the program-status word (PSW), the B 
register, the accumulator (ACC), and all of register 
bank 3 in external RAM. The monitor also stores both a 
2-byte pointer that’s reserved for your use and the 
application program’s return address. In total, the 
monitor requires 16 bytes of the off-board RAM. Fur- 
ther, the monitor also uses the next four locations of the 
stack temporarily during this storage operation. Sub- 
routines within the monitor itself also need these four 
stack locations. Table 2 shows important memory loca- 
tions and pointer ranges of the monitor and the 8051’s 
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special-function registers. 

The monitor program itself requires almost 2k bytes 
of memory. For its internal branching, it uses mostly 
short- and absolute-branch instructions—the only 
LJMP instructions jump to the user-interrupt vector 
addresses. You can therefore relocate the monitor to 
any program-memory space whose beginning address is 
a multiple of 2k. You can also customize the monitor by 
adding such functions as stopping and restarting the 
timer/counters on entering and exiting, respectively. 
You can install these commands in RAM temporarily 
and use them while debugging. Access to your custom 
commands takes place through INT1’. 

Because of the monitor’s small size and relocatable 
code, you could ship part or all of the system’s monitor 
along with your program in the products your company 
produces. That way, production and service personnel 


could use the wP to perform diagnostic checks. 


Monitor takes high priority 


As Fig 2 shows, the 8051 has two levels of interrupt 
priority; you can set any of the various interrupt 
sources to either priority level. In this system, you 
must assign your interrupt routines low priority and 
keep the monitor interrupt at a high priority. The 
monitor program can, therefore, take precedence over 
your routines and can single-step through them or halt 
at breakpoints. 

When you are finished with the examine/modify 
stage of debugging and are ready to run or restart your 
application program, the monitor restores the original 
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Our SCSI selection is getting bigger. 
And smaller. 


Bigger with the addition of anew SMD controller board that’s 
setting speed records anc the first SCSI printer interface board. 
: _ iS And smaller as we continue to reduce chips and boards through 
Printer Interface _ =” VLSI technology, while acding functions. (Even down to a con- 
<< =. troller on a single chip.) And there’s more that’s even too new 
for this ad. So call 1-800-325-SCSI, and find out what NCR and 

SCSI can do for you. 


SCSI Disk Controller Chip 


: | SDC-1 A highly integrated, programmable, general- 
2 Oe he purpose SCSI disk controller chip. 
oa. > i Septies @ SCSI Board Products 
' ree = PC to SCSI Host Adapter 
Mire d Multibus ‘to SCSI Host Adapter 
SCSI to ST-50%/SA-400 Disk Controller 
SCSI to SMD-O (10 MHz) Disk Controller 
| | | SCSI to SMD (10, 15, 20 or 24 MHz) 
2 a ee er oa: | Disk Controller 
Se a = wl SCSI to 14” PERTEC Tape Controller 
 . . fee he, _ Beep Ce gf: I SCSI to QIC-35 Tape Controller 
SCSI to Dataproducts Printer Interface 
(Long Line) 
NCR 6343 14" Cartridge Streaming Tape Drive With SCSI. 
Both single-ended and differential versions 
available for most products. 
SCSI Storage Subsystems 
Tabletop or deskside storage subsystems with disk and tape 
configurations from 40 ME to 1.6 gigabytes. 


IN| CIR 1-800-325-SCSI 
E&M — Wichita 
OEM Products 
CIRCLE NO 201 


Get all the SCSI Information 
at Wescon, NCR Booth # 2593 
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The hardware breakpoints use a 1-bit-wide 


RAM that shadows the user program 
RAM. 


contents of the registers it used temporarily. It also 
places on the stack the address of the next instruction 
to be executed. Finally, the monitor performs a return, 
and your program again executes at normal CPU speed. 


Run reports show registers 


At user-program breakpoints, the monitor generates 
arun report that displays the data in various registers. 
The commands in Table 3 determine the extent of the 
report. 

When the monitor takes control of the pP, it prompts 


you with an asterisk and then the command you entered 
previously, in the form of a single hex byte (Table 3). 
At this time, you can change the command to one of 
those in Table 3. Each command requires a 2-byte hex 
pointer. This pointer, designated WX YZ in the table, 
indicates a location or, in the case of the special-function 
registers, a group of specific locations that you wish to 
access. 

Before you use the monitor’s commands, note that all 
data entries must be in hexadecimal notation. When 
you're entering commands, new commands and point- 


TABLE 3—COMMAND DESCRIPTION 


COMMAND | POINTER 


ee 


“CODE I! INPUT: : DOWNLOAD APPLICATION PROGRAMS IN INTEL HEX FORMAT. THE POINTER 1s IGNORED. 
SAE [edited MESSAGES SHOW THE BOSAL STATUS | 


CODE | INPUT PLUS; DOWNLOAD PROGRAMS IN INTEL H HEX FORMAT TO AN ADDRESS OFFSET BY 2000pex. 
ad DEST 1S ae eesti os Mase ae SONONe 


: DATA INSIDE THE CPU; EXAMINE/MODIFY THE INTERNAL RAM AND v0 PORTS. THE REGISTER BANKS AND 
THE SPECIAL-FUNCTION REGISTERS ARE ACCESSED BY USING A POINTER OF 0100Hex OR GREATER 


*BI 
*A2 | 
MA WKY EPT THAT. SHOF 
*AY AUTOMATIC INSTRUCTION ‘STEP: AUTO SINGLE- STEP. EXECUTE THE NEXT INSTRUCTION OF THE APPLICA- 
TION PROGRAM AND PRODUCE A REGISTER REPORT AFTER IT. IF THERE HAS NOT BEEN A KEYPRESS, 
THEN THE NEXT INSTRUCTION IS EXECUTED 
*A5 
EO 
*E2 
*E4 —s | Ss WXYZ_s| THE SAME AS *E0 Ext 4AT IT PRC : RTR 
*E1 EACH INSTRUCTION; SINGLE-STEP. EXECUTE THE NEXT INSTRUCTION OF THE APPLICATION PROGRAM 
AND PRODUCE A REGISTER REPORT. WAIT FOR A KEYPRESS OTHER THAN * BEFORE THE NEXT IN- 
STRUCTION IS EXECUTED _ 
*E5 
70 
*F2 THE SAME AS *FO EXCEPT THAT IT PRODUCES THE MEDIUM REGISTER REPORT 


*F4 =~ || )~S WX YZ_|s THE SAME AS *F0 EXCEPT THAT IT PRO 
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SINGLE SOURCE. 


One Stop Shoppin 1 


[] DEEP RRAWN ALUMINUM EN CEOSURES 
Over 40,080 standard sizes. Seam|éss, draft free, 
uniform toléxances and 8-day defivery. 
(] ALUMINUM ‘GARRYING @ASES 
Five complete lines for impfediate delivery from 
stock. Anodized or text ‘ed vinyl! finishes over deep 
drawn shells. 4 
|] PLASTIC CARR) NG CASES 
Economical, yew distinctiv a.cases of high impact 
thermoforme@ plastic with iMterlocking closures, or 
rotational ) folded reusable ship ping/storage cases. 
C] INSTRUMENT ENCLOSURE 
Elega {ce and versatility with a full ange of accessories. 
ay 17" and 19” panel widths. Heighit 


J LITERATURE ONLY. CIRCLE # 


‘heck List. 


C] CABINETS, CONSOLES, ACCESS¢ ‘RIES 


|] BLOWERS, COOLING SYSTEN 


: s from 5% 10 26". 


Eadineerina and desig a 
assistance available 

or modifieations 
oréustoms. 


CALL 
~FODAY! 
(818) 846=4191 

BURBANK, CA~ 


(413) 267-5561 
MONSON, MA 


ZERO 


GORPORATION | 6p-——— = 


280 Page 
Catalog & 
Design Guide. 
IT'S FREE. 


New, expanded lines. Sittg le or multi-Yays, vertical, 
slope-front and desk-top con Leer A s. All steel welded 
construction. Full range of acce’: fies and options. 


Wide range of standards, in topy aie acengie 


discharge. Low noise. 200 to 7 00 CFM. Fultsxange 
of options. ~\ 


|] MIL-SPEC CASES AND ¢ Z/ABINETS 


Save design and engineerig ig time. Simple part number 
ordering assures complia ance to all major specs. 


|] CHASSIS SLIDES AN DD ACCESSORIES 


Capacities from 80 to 275 Ibs/pair. Roll formed steel or 
aluminum. Broad sel ction of handles, retractors, etc. 


MMEGATE ACTION, CIRCLE #14 


You communicate with the monitor 
through a transparent software UART. 


MOV FSW, #O0O 
MOV RO,# SAMPLE COUNT 


SAVELOOF MOV @RO,F 1 


DINZ RO, SAVELOOF 


select register bank 0 

RO cannot be equal to one 
reading/saving port one 
loop count control 


‘22 ‘RS ‘un ‘sR 


Fig 4—This simple loop can acquire data at 250,000 samples/sec. 


ers will overwrite those previously entered unless you 


enter one of the monitor’s control characters: an aster-. 


isk, a space, or a carriage return. 

Entering a space moves the cursor to the next byte of 
data. A carriage return moves the cursor to the next 
block of data. An asterisk terminates the present 
command and gives you the system prompt (which is 
also an asterisk). Before returning the prompt, howev- 
er, the monitor will complete any data modification that 


COUNTS 


was in progress. 

Fig 3 shows the actual format of the register report. 
The 16-bit value under the PC heading is the address of 
the next instruction in the user application code to be 
executed, and the byte under the OP heading is the op 
code at this next address. The format for examining and 
modifying the special-function registers is exactly the 
same as that displayed in the register report, except 
that the special-function registers have no PC or OP 
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Fig 5—The 8051 emulator can also function as a rudimentary logic analyzer. Here it stimulates a 74LS90, which is in a divide-by-nine 


configuration. The system can also print a simple timing diagram. 
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Extra cable means increased 
costs, decreased efficiency 
| — an sto | ag 


With Space-Mizer™ you don't 
buy any more cable than you 
aly need | 


Until now, if you needed a 20 inch twisted pair IDC 
cable you had to buy 36 inches. If you needed a 
10 inch cable you had to buy 18. As the old saying goes, 
“That's the way it was.” 

Not any more. Woven Electronics is proud to announce 
the introduction of Space-Mizer™ cable. Using the superior 
qualities of our patented CIC design and combining it with 
state-of-the-art materials, we have developed a quasi-twisted 
pair cable easily terminated with IDC connectors. 

Space-Mizer™ has great electricals, flexibility, 
routability and durability. Best of all it can be terminated 
at any length. Never again will you be required to buy 
more cable than you really need. 


Thebottomline: 


The shortest distance between two connectors is Space-Mizer™. 


WOVEN ELECTRONICS = Signal is Clear 


Phone (803) 963-5131 » TWX 810-287-2091 
P.O. Box 189 « Mauldin, SC 29662 


©1986 Woven Electronics 
Backplanes supplied courtesy of Teradyne Connection Systems, Inc. 
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Fig 6—With the aid of an LM3914, your emulator can function as a low-resolution digital oscilloscope. The LM3914 (a) is a 10-step display 
driver used as a poor man’s flash A/D converter. The printout (b) shows an 8-level trace of a lowpass-filtered 10-kHz signal. 


entries. Because the abbreviations for all of these 
special-function registers are displayed, you need not 
memorize their direct addresses. The figure also shows 
the format for examining and modifying internal or 
external RAM data bytes. In all cases, you enter new 
data under the hexadecimal display of the existing data 
byte. 


A final test flight 


This system has some simple switches that allow you 
to give your application code a genuine solo checkout: 
You can execute your code from the user RAM without 
the monitor present. This method of testing is a valu- 
able tool during the final stages of program debugging 
and verification. 

To run your application program without the monitor 
present, you first use the C3 command to load your 
program into user RAM. The C3 command will down- 
load each code byte to a location offset by 2000yrx. 
Thus, code assembled at 0000 will be placed in the user 
RAM, beginning at 2000yrx. Next, you disable the CPU 
by holding its RESET line high. Then you deselect the 
monitor ROM by opening the switch that connects CS, 
to the ROM (Fig 1), and you change the chip select for 
the user RAM to C&) with the aid of the switches in the 
CS» and CS, lines that connect to the user RAM’s CE 
pin. 

Then, when you release the Reset pin, your program 
in RAM will execute without any interference from the 
monitor. If you build a system using an 8751 chip, you 
can install a switch in the line to its EA pin and follow a 
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similar procedure. To avoid an unwanted write cycle 
during the transition of the control lines, you may want 
to disable the user RAM before resetting the CPU. 

The following sample projects are certainly not able 
to run as fast as commercial products do, but in some 
lower-frequency applications, they can provide very 
economical alternatives. A common element of these 
projects is a program loop that repeatedly stores the 
status of an 8-bit port in sequential memory. This »P 
executes this operation, as rapidly as possible, a set 
number of times. The sample programs then decipher 
the resulting data bytes into ASCII characters and 
display them in formats similar to those of a logic 
analyzer and an oscilloscope. 

When running on the 8051, this data-sampling loop 
requires only two instructions and can save data at the 
rate of 250,000 samples/sec when you use a 12-MHz 
crystal. Fig 4 shows the code for the loop. 

The data samples from port 1 are saved in the 
internal RAM beginning at the location given by the 
variable SAMPLE COUNT and ending with location 
01. Obviously, the hardware you connect to port 1 will 
determine what data the program will decipher into 
ASCII characters. When you send this ASCII data to a 
computer rather than to a simple terminal, you can save 
these display screens as text files and make hard copies 
with a printer. 

Simple triggering of the save loop involves waiting 
for a bit level to change before the data-save loop can 
proceed. More involved pattern-recognition instruc- 
tions can precede the save loop, because the 8051 can 
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You can relocate the monitor to any pro- 
GZram-memory space whose beginning ad- 
dress 1s a multiple of 2k. 
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(c) TIME (SEC) 


Fig 7—You can extend the concept of the circuit in Fig 6 to use the emulator as a dual-trace storage scope (a). The printout shows a 31-kHz 
triangle wave before (b) and after (c) damping. 
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Because of the monitor's small size and 

relocatable code, you could ship part or all 

of the monitor along with your program in 
your company’s products. 
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TIME (nSEC 
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Fig 8—You can connect the A/D converters in series (a) to double the number of analog levels that the digital scope can sense. The printout | 


(b) shows a high-resolution trace of a 7-kHz signal. 
ieee ip a ec ae A a A tna Bm ee Se a Re ee geet SS 
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Author « offers program, pe board 


- Because of space limitations, EDN cannot print 
the monitor program’s listing. The program is 
available from the author, however. Mr Horton 
_ offers the printed listing with comments for $12, 


oa preprogrammed 2716 or 2732 for $15, a listing 
and hex file on an MS-DOS disk for $19, and an 
- ‘unpopulated pe board for $29 (US $). Those inter- 
ested should write to Eric P Horton at Site 15, 
: Box. iL, RR2, Windsor Junction, Nova Scotia, 
BON 2V0, Canada, or Jue him at - (902) 861- 


detect triggering patterns that are more complicated 
than a simple level change. You can obtain pretrigger 
displays by first saving the port data bytes and then 
checking for valid trigger infomation. You can add other 
information to your printout: For instance, you can 
show calibrated ranges for vertical and horizontal 
scales. For larger volumes of data samples or slowly 
changing input signals, you can store data in the 


external RAM and display the output in a vertical 


format similar to that of a chart recorder. 

This system displays captured data bytes as eight 
rows of characters; each row stands for one of the port’s 
pins. A period represents a low, and a T represents a 
high. You can also use one or more of the pins of port 1 
as stimulus inputs into the system being tested. An 
instruction such as CPL Plo, placed inside the data- 
acquisition loop, will toggle the pin on each pass, and 
the display will show the state of this pin at each sample 
interval. Fig 5 shows aa 7490 TTL decimal counter, in a 
divide-by-9 configuration, as an application example of 
how the 8051 can function as a logic analyzer. 

The core of the next example, a low-resolution single- 
trace storage scope, is the LM3914 (Fig 6). This chip is 
a 10-step display driver used here as a poor man’s flash 
A/D converter. This chip contains 10 level comparators 
with open-collector outputs, a 10-stage resistive voltage 
divider, a 1.25V reference, and input-signal overvoltage 
protection. You can connect it directly to port 1, a 
quasi-bidirectional port that has built-in pullup resis- 
tors. In this example, the LM3914 operates in its dot 
mode. You can display a zero bit from the LM3914 as an 
asterisk, which represents the signal level at that 
sample time. In this way, you can generate an 8- or 
9-level display of the incoming signal. If desired, you 
can keep the signal trace on screen during over- or 
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under-range input signal levels by decoding out-of- 
range input-byte codes. 

You can extend the concept of the previous example 
to a dual-trace storage scope (Fig 7). By taking output 
from the LM3914 and encoding it with a 74147, a 10- to 
4-line priority encoder, you produce a 4-bit representa- 
tion of the 10 discrete analog levels. Two separate 
signals, of four bits each, fit nicely into the 8-bit port 1. 
The input nibbles each have values ranging from OF 
to O4urx. 

If you connect the two inputs of the preceding exam- 
ple in common and connect the two resistive dividers in 
series (Fig 8), the system will be able to differentiate a 
single signal into 20 discrete display levels. In the 
preceding two examples, a problem associated with the 
lack of synchronization between the ADC and the 
reading of port 1 exists. If you verify the operation of 
the converter by entering a known signal, you'll notice 
a small number of errors. 

These projects represent the kernel of an idea, to 
which you can add improvements such as variable 
trigger delay, data averaging, higher-resolution ADCs, 
external high-speed data-storage hardware, graphic- 
character displays, and forward and reverse FIT oper- 
ations. EDN 
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Samtec has the 


solution to your 
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or on-board 


interconnect problems. 


DIP Sockets, Adaptor P. 


Where else 
would you find — 

every department 
with the same 


Each and every department at Samtec really 
carries the title “CUSTOMER SERVICE DEPT" 
And for a very good reason: Every member 
of the Samtec family sees his or her primary 
job as “Customer Service.’ We view our cus- 
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CUSTOMER SERVICE DEPT. 


Shipping do ne here 


Our customers, large and small, love it. Dozens 
of major, tough-to-satisfy OEM’s have come to 
rely on Samtec for fast, dependable service. 
Try us when you need reliable electronic inter- 
connects. You ll like our products, our SUDDEN 


tomers as our only reason for being in busi- 
ness. Everything you need—catalogs, samples, 
quotations, engineering data or shipment 
dates—is handled with an eagerness and per- 
sonal interest in solving your problems. Large 
orders or small, they all receive the same 
Samtec SUDDEN SERVICE. | 


That’s why people in our business have come 
to believe that “Samtec really is a different 
breed of cat.” 


SERVICE and our consistently competitive 
prices. | 
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yours today. 
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GR281 (2K x 8) 
GR881 (8K x 8) 
GR3281 (32K x 8) 
which conform to the 
standard JEDEC pinout 
for static RAMs. 


The new low cost 
devices are fabricated from 
high speed CMOS static 
RAM and a high reliability 
lithium power cell giving ten 
years data retention. 


Power down is very fast, this being essential for data integrity, 
taking a maximum of 5uS (5 microseconds) to power down from 
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5 volts to 0 volts. This is much faster than system power failure 


conditions. Therefore there are no special considerations required on 


installation. 
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Application 

When powered down, the ‘GR’ range is transportable and data can 
be moved from system to system. This makes it ideal for programme 
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Fluorinert Liquids products that power Fluoronics Resources 


__ *Fluoronics Resources: 


An exclusive 3M 
combination of innovative 
products backed by 
research and develop- 

: ment, manufacturing 

_ expertise, technical data 

- and service assistance 
built on more than 35 
years experience of pio- 
neering in fluorochemistry. 


Technical assistance: the main 
benefit of Fluoronics Resources 


3M has had a whole generation of 3M offers prompt assistance to help 
_ experience in the development, manu- YOu Solve many production and testing 


facture and refinement of perfluor- problems. We provide comprehensive 


inated liquids. We first introduced technical recommendations for specific 
these versatile liquids to electronics fluids. We consult with you on the 
design, testing and production profes- Proper application equipment and 
sionals in the fifties. Since then, help you evaluate production methods 
Fluorinert Liquids have become the and results. Our service bulletins bring 
mainstays in electronic cooling, high | YOU up to date on the most recent 
reliability testing and vapor advances in vapor phase soldering 
phase soldering. and high reliability testing. Ask us 


Fluorinert Liquids, used as a direct | @0out 3M's audiovisual materials and 


contact heat transfer medium, offer a on-site application training seminars. 
range of physical properties that make 


them particularly suitable for electronic 7; ‘ ™ TD te tetas 
uses. They are non-polar and exhibit Discover Fluorinert"" Liquids 


no solvent action. They are colorless, heat transfer capability 

low in toxicity, non-flammable and offer What are your needs? A precise de-_ 
exceptionally high dielectric strength gree of temperature control? Fast, uni- 
plus thermal and chemical stability. form heat transfer? High dielectric 
Most important, they have almost no strength? Fluorinert Liquids offer the 
chemical reactivity and they evaporate broad range of physical characteris- 


without leaving a residue on parts. tics required in most applications. 
Fluorinert Liquids are an effective 
Buy the numbers direct contact heat transfer medium 
Our FC™ numbers — FC-40, FC-70, whether used in a liquid or vapor state. 
FC-77, etc. — are used to identify Their unique properties enable you to 
Fluorinert Liquids that offer certain use them in contact with sensitive 
physical characteristics to meet spe- | Components and substrates. 
cific application needs. These FC Major differences between the var- 
numbers are solely 3M designations ious products in the Fluorinert Liquids 
for various fluorochemical products. family can be seen in their boiling 
Fluorinert Liquids are being used points. These can range from 56°C to 


cost-effectively in cooling, high reliabil- 253°C. Should you need products with 
___ {ty testing and vapor phase soldering __ intermediate boiling temperatures, the 
Operations. When you are interested in 3M staff will work with you to fashion a 
applying these versatile liquids in your product especially for your needs. It’s 


own production, 3M can provide an an example of how 3M's Fluoronics Re- 
abundance of technical information sources provide you with “customized” 


and support. service to solve special problems. 


Btu/(hr) (ft?) (°F) 


COMPARATIVE 
HEAT TRANSFER COEFFICIENTS 
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Fluorinert Vapor 
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F cas [tess 


Heat Transfer Mode 


Boiling 
Liquids 


Fluorinert™ Liquids achieve 
accurate high reliability testing 


It'S a small world you work in. Where 
time ticks in gigaseconds and dimen- 
sion is measured in Angstrom units. 
And as circuitry becomes more com- 
plex, a greater demand is placed on 
testing capability — not only in speed, | 
but in higher reliability and accuracy. 
Fluorinert Liquids meet those re- 
quirements by providing a controlled 
temperature environment and a high 
degree of electrical protection. They 
offer maximum compatibility between 
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the heat transfer medium and the de- 
vice under test. Fluorinert Liquids re- 
duce testing costs by reducing testing 
time substantially. They do this by rap- 
idly reaching test temperature and 
providing precise and uniform tem- 
perature control. You'll minimize the 
number of faulty units by detecting de- 
fects before they become rejects. 

These liquids provide cost-effective 
tests such as gross leak, thermal 
shock, liquid burn-in, ceramic crack 
detection, electrical environmental, 
temperature calibration and failure 
analysis/short detection. 

Fluorinert Liquids are specified in 
the MIL-STD's for thermal shock and 
gross leak testing. 


THERMAL SHOCK TEST CONDITIONS 


: Military Approved 
Military Standard 883-1011 Fluorinert Liquids 


Test Hot Test | Cold Test Hot Test Cold Test 
Condition | Step 1 Step 2 Step 1 Step 2 
100°C —Q°C | Water , FC-40 Water , 
FC-40, FC-77 
125 —55°C | FC-40, FC-70, - 
FC-5311 


150°C —65°C | FC-40, FC-70, 
FC-5311 
200°C — 65°C FC-70, 
FC-5311 
150°C —195°C | FC-40, FC-70, 
FC-5311 
200°C — 18> FC-70, 
FC-5311 


GROSS LEAK TEST CONDITIONS 


Military Approved Fluorinert Liquids 
Indicator Detector Absorption 
Fluids Fluids Fluids 
FC-40, FC-43 FC-72, FC-84 Do not apply 
FC-43, FC-75, 
FC-40, FC-43 FC-72, FC-84 FC-77 
FC-40, FC-43 FC-72, FC-84 


Military 
Standards 


Mil-STD 
883-1014 


MIL-STD 
750-1071 


Mil-STD 
202-112 


Do not apply 


Discover hlgne: yields in 
vapor phase soldering 
Fluorinert Liquids have been the ir 
dustry’s fluid of choice since the vapo 
phase reflow soldering (VPS) proc 
was introduced in 1975. There area 


number of good reasons for this uni- _ 


versal acceptance. VPS with Fluorinert 
Liquids produces highly reliable sol- — 


_ der joints. The system reduces reject 


rates, increases production, and low- 
ers production costs. With Fluorinert 
Liquids, you can be assured that your 
products will never be exposed to a 
temperature higher than the selected 
liquid’s boiling point. (See above) 

You'll avoid those problems usually 
associated with other systems — 
shadowing, uneven heating, and over- 
heating. The liquids are non-flamma- 
ble. Their low surface tension helps 
them evaporate quickly from the work 
pieces without leaving a residue. 

VPS with Fluorinert Liquids is espe- 
Cially suited for boards with high mass 
or complex geometries. The liquid va- 
pors completely surround the assem- 
bly and penetrate remote recesses to 
heat all surfaces evenly. The vapors 
are 15 to 20 times heavier than air so 
they can be contained easily within the 
work area. The system offers an oxy- 
gen-free, non-corrosive environment to 
minimize rejects from oxidation 
contamination. 


some typical applications using 
Fluorinert Liquids in VPS include sur- 
face mounted leaded or leadless 
components, through-hole leads and 
wire-wrap pins, lead frame attach- 
ment, reflow of electroplated solder or 
tin and miscellaneous metal joining. 


| uids used | in n Cooling a are: 


{ sified el A felis poi 


2 | range from 56°C to 253°C. - 


These stable liquids allow you 


maximize power density and minia 
ize your package. Yet they reduce fa 


ure rates and increase reliability. — 
Fluorinert Liquids are used in suc 
demanding applications as: / 
«Radar transmitters * Power supplies 
«High voltage transformers * Lasers _ 
« Radar klystrons « Computer module: 
* Computer memories * Fuel cells _ 
Typical properties of Fluorinert Liq: 


Fluorinert 
Liquid FC-77 | Root 
(English Units) 


Thermal Conductivity | : 
Bun) (PE) CRA) || 
Specific Heat 
Btu(ib,) (°F) 
Viscosity 
ef. 
Coefficient of 


Thermal 
fect?) (CF) 


Discover heating/curing | 
with Fluorinert™ Liquids 
Because they maintain their vapc 
temperature with absolute preci 
Fluorinert Liquids can be uss 
many heating and/or curing 
ations. They serve as heat tre 
media in solder mask and poh 
thick film applications and for 
mer processin 


Discover Fluoronics Resources 


3M presents a unique 
short course in the use of 
Fluorinert™ Liquids for 
the electronics industry. 


3M is now offering a series of ‘Applied 
Fluoronics’ tapes demonstrating how 
Fluorinert Liquids are used in a num- 
ber of applications. See first hand how 
these remarkable products can im- 
prove overall electronic production. 


Three cassettes are available: 
1. ‘Applied Fluoronics: High Reliability 

Testing’ : 

2. Applied Fluoronics: Vapor Phas 

Soldering’ 

3. ‘Applied Fluoronics: Direct Contact 

Cooling” 

These informative VHS format tapes 
are available to qualified personnel in 
the electronics industry. Specify which — 
cassette(s) you would like to view. 
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pe 


Write on your company letterhead, 
describing your general interest. Mail 
to: Fluoronics Resources, Industrial 
Chemical Products Division/3M, Build- 
ing 223-6SE-04, 3M Center, St. Paul, 
MN 55144-1000. 

For technical information or 
assistance on High Reliability Testing 


_and Cooling, call 612/733-6282: for 


Vapor Condensation Heating 
assistance, call 612/733-7424. 


For inore.confidencein _ 
your Scope measurements... 


No.2 in a Series from HP. 


Explore HP 


No.2 in a series. 


Digitizing Oscilloscopes. 


Digitizing technology provides a highly 


accurate display of your signal. 


Unlike their conventional analog counterparts, digitizing 
oscilloscopes are quantitative measurement instruments 
that capture and quantize input signal information. 

This gives a more accurate picture of a signal than an 
analog scope’s trace. While analog scopes provide a good 
qualitative look at signal behavior, digitizing scopes do 
more... letting you pinpoint causes of the behavior and 
more precisely measure and analyze captured information. 


Display accuracy comes of age. 


HP designed the HP 54000 series digitizing oscilloscopes 
for greatest possible accuracy of displayed information. 
So you can use them with confidence, even in measure- 
ment reference applications. That’s because nonlinearity, 
distortion, drift, and jitter common to analog scopes 
aren’t a problem with our digitizing scopes. Neither is 
blooming or fading of traces. What you see on the display 
is the clearest, most accurate representation of your signal. 


Elusive glitches easy to find. 
Finding infrequent, fast glitches in digital circuits is 
tough enough. When the glitch is superimposed on 
normal data with a high 
duty cycle, it’s nearly im- 
possible. HP’s new digi- 
tizing scopes solve this 
problem by letting you 
retain glitches, worst-case 
conditions, or metastable 
states on the screen in- 
definitely and view them 
right along with normal 
trace data. 

Events that would be hard or impossible to find 
with an analog scope can be isolated and retained 
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i. ca HP-IB: Not just IEEE-488, but the hardware, documentation and support that 
delivers the shortest path to a measurement system. 


SYSTEMS 


while you’re away from your digitizing scope; precisely 
quantified; saved in memory for later analysis; or 
recorded on a printer or plotter. 


Capture pre-trigger events. 


With digitizing scopes, you can see events before as well 
as after the trigger. This is highly useful in finding the 
cause of undesired or unusual events in various types of 
circuits—and absolutely critical when measuring setup 
time on logic ICs. 


Find signals buried in noise. 


Digitizing scopes let you take signals from uncorrelated 
noise and measure them accurately. Analog scopes can 
sometimes reduce noise, but not without removing 
high-frequency information and adding phase shift. 
The averaging function in HP digitizing scopes won't 
distort the signal, or remove or add any information. 


Color enhances confidence. 


The multiple-color capability found in the HP 54110D 
and the HP 54111D digitizing oscilloscopes makes using 
your displayed information easier. For instance, you can 
clearly distinguish channel one information from that 

of channel two, even when your signals overlap and both 
have multiple levels, jitter, and noise. 


Call today for our free display confidence 
videotape and mini-brochure. 

Explore HP digitizing oscillo- 
scopes. Get a free VHS videotape 


and mini-brochure by calling 
1-800-558-3077. 


Ne lina 


* Offer expires May 1, 1987 
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Integrated current 
sensing simplifies 
MOSFET designs 


The current-sensing capability built into 

some of the most recent power MOSFETs’ 
eliminates the need to place large current- 
sensing resistors directly in the path of the 
main load current. This scheme virtually 
elominates feedback losses while enhancing 


feedback performance. 


Sean Young, International Rectifier Corp 


The internal current-sensing circuitry of the Hexsense 
line of MOSFETs provides a separate current output 
that is a fixed ratio of the main load current. The 
resulting low losses and the compactness of the device 
render it a capable substitute for other forms of current 
sensing. Though a circuit of this type requires that you 
take some special care to ensure good accuracy in your 
overall design, you'll see that a device with internal 
current sensing can solve problems in a wide variety of 
applications. 

Internally, a power MOSFET consists of thousands of 
small, identical, parallel FET cells. These cells pass 
current vertically from the drain to the source through 
narrow channel regions. In the Hexsense device, the 
sensing circuit is formed by isolating a number of FET 
cells on the MOSFET die from the main source metalli- 
zation, and by providing a bonding pad and wire from 
this small source area to an external current-sense pin. 
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O KELVIN SOURCE 
O CURRENT SENSE 


UO POWER SOURCE 


Fig 1—When you look at the symbolic diagram of the Hexsense 
device, you see that it is actually two MOSFETs—a small one for 
sensing and a large one for current handling. 


A reference pin (the Kelvin pin) is wire-bonded to the 
main source metallization. Standard connections are 
also provided for the main source, gate, and drain, 
giving the device five pins (Fig 1). 

Because each cell in the structure is essentially the - 
same, sampling the activity of one or several cells yields 
a sealed indication of the device’s total current. And 
because the integrated sensing circuitry uses only a few 
isolated cells, power losses in your overall design’s 
feedback circuitry are minimal. 


Attend to basic design concerns 


The Kelvin reference pin plays a key role in establish- 
ing the accuracy of the current-sensing function. The 
reason is that the metallization, bonding wires, and 
device pins contribute parasitic resistances that have a 
ratio different from the ratio of the sense cells’ on- 
resistance to the main cells’ on-resistance (Fig 2). This 
difference in ratios disrupts the desired balanced cur- 
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Because each cell in the MOSFET struc- 
ture 1s essentially the same, you can get a 
scaled indication of total device current by 
momitoring one or several cells. 


DRAIN 


CHANNEL AND e 
PINCH RESISTANCE 
BULK RESISTANCE 


MAIN CELLS 
SENSE CELLS 
GATE imesh desiai tna 
ie { ISENSE 
a ae 
METALLIZATION, POST, 
AND WIRE RESISTANCE 
7 RETURN 
% O <—-_ OC) SENSE PIN 
POWER-SOURCE KELVIN 
PIN PIN 


Fig 2—To improve accuracy, the Kelvin pin reduces the current 
imbalance on the die. This imbalance exists because the parasitic 
resistances within the device don’t have the same ratio as that of the 
sense cells’ to the main cells’ on-resistance. 


rent sharing on the MOSFET die. You use the Kelvin 
pin to minimize this imbalance. 

The Kelvin pin’s bonding pad is at the center of the 
die, close to the current-sense pin’s bonding pad. Oper- 
ationally, the current through the current-sense pin 
returns to the source metallization through the Kelvin 
pin. The Kelvin pin floats above the main source pin 
voltage by an amount that approximates the drop 
across the parasitic source resistances, thereby elimi- 
nating the effects of these parasitics. 

The sensing cells’ on-resistance is an order of magni- 
tude larger than that of the main device’s on-resistance. 
Consequently, the Kelvin pin’s parasitics (which are in 
series with the sensing cells’ on-resistance) have a 
negligible effect on the overall performance of your 
design. You can also use the Kelvin pin as a return for 
the gate drive signal. This scheme eliminates substan- 
tial common-source inductance (inductance common to 
the drain and gate circuits), and it improves switching 
performance. 

The virtual-ground circuit shown in Fig 3, used to 
characterize the Hexsense devices, also proves practical 
in an actual application; it provides high accuracy and 
good noise immunity. By maintaining the Kelvin and 
current-sense pins at virtually the same voltage level, 
the virtual-ground circuit guarantees balanced conduc- 
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Fig 3—Though this virtual-ground circuit features high speed, 
good noise immunity, and high accuracy, it does require dual power 
supplies, and it generates a negative output. 


tion between the bulk of the device and the sensing 
cells. Sense current, flowing through the feedback 
resistor around the circuit’s op amp, provides an output 
voltage that’s proportional to the drain current. 

You'll have to use a precision feedback resistor to 
keep measurement error low. Because of the circuit’s 
relatively high current levels and low gain, the op amp’s 
offset and bias current will have no significant impact 
on overall static performance. Such is not the case when 
it comes to dynamic performance, however. 

Current swings of 10A in 100 nsee are common in 
such applications as switch-mode power supplies. This 
condition translates into 50V/ysec slew-rate require- 
ments—an order of magnitude faster than what’s com- 
monly available in op amps. In this case, then, it’s the 
supporting circuitry rather than the Hexsense device 
that limits dynamic performance. 
~ You can overcome these problems by using the sens- 
ing circuit shown in Fig 4. In this circuit, the sensing 
resistor performs the current-to-voltage translation, 
while the op amp provides the necessary amplification. 
Input and output voltages are both positive, and as long 
as the op amp’s common-mode input range includes 
ground, you'll need no negative supply. Unfortunately, 
this circuit contains a component that may contribute to 
measurement error—the sensing resistor. Because this 
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resistor is in series with the sensing cells’ on-resistance, 
it upsets the current sharing on the die. 

If you know the ratio of the sensing resistor to the 
sensing cells’ on-resistance, you can increase the op 
amp’s gain as needed to compensate for this error. 
Note, however, that this gain adjustment is not a 
constant, because the sensing cells’ on-resistance 
changes as a function of temperature, current, and gate 
voltage. 

To reduce the sense current’s sensitivity to these 
effects, you should keep the sense resistor’s value as 
low as possible. The resistor’s value, however, must be 
high enough to ensure that the voltage drop at the 
lowest current level is an order of magnitude higher 
than the op amp’s input offset. 

Alternatively, you can choose a sense resistor whose 
value is large compared with the sense cell’s on-resist- 
ance. This large resistance ratio renders the voltage 
across the sense cells approximately equal to the on- 
voltage of the Hexsense device—the current sharing is 
unimportant—so the sensing circuitry merely acts as a 
switch to disconnect the drain voltage from the sensing 
resistor during the FET’s off period. As a result, the 
sensing circuitry doesn’t have to withstand the high 
voltage at the drain during off periods. However, circuit 
accuracy is now limited by how well the manufacturing 
process can control the on-resistance from device to 
device and over temperature, current, and gate-voltage 
ranges. 

Control and protection are the two primary reasons 
to incorporate current sensing in such applications as 
current-mode converters and motor control, where 
current is proportional to torque. In such service, you 
can use the Hexsense device to protect the device itself 
or the load and to improve the reliability and the 
overload tolerance of any power-MOSFET-based 
design. 

The Hexsense MOSFET will satisfy both linear and 
switching applications. In linear circuitry, you can use 
the op-amp circuit of Fig 3 or the resistor circuit of Fig 
4 to develop a signal that accurately reflects the current 
in the device and the load. 

When the Hexsense device is operating in the linear 
region, the device’s dissipation is high; under these 
circumstances, then, the device is best suited to low- 
power applications—about 50W max. Though this high 
dissipation of the Hexsense MOSFET may seem to 
outweigh the low losses inherent in its current-sensing 
scheme—thus apparently negating any advantage of 
using the device—such is not the case. The absence of a 
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Fig 4—This resistor-based current-sensing circuit requires careful 
design to attain high accuracy and speed, but it does eliminate the 
need for dual supplies, and it provides a positive output level. 


main-load current-sensing resistor saves space and 
weight and reduces the number of components you 
must stock and install. 

To limit current when switching high-inrush loads, 
you can bias the Hexsense MOSFET so that it stays in 
the linear region for a period of time before turning on 
hard. One good example of such a situation is lamp 
starting, in which case the cold resistance can be 10 
times less than the normal operating resistance. This 
difference in resistance levels leads to very high inrush 
currents at start-up. Though any power MOSFET may 
be able to handle the peak inrush current comfortably, 
the lamp’s lifetime can be significantly reduced. The 
Hexsense MOSFET can limit these start-up currents 
and still maintain maximum operating efficiency. 

One word of caution here: When your system is 
operating in the linear region, the parasitic voltage 
drops in the gate-to-source bias to individual MOSFET 
cells can have a significant effect on the die’s current 
sharing, and it can adversely affect the device’s accura- 
cy. In the linear region, current is equal to transcon- 
ductance times the effective gate-to-source bias. Conse- 
quently, changes in the gate-to-source bias of individual 
cells will directly affect the current flowing through 
those cells. 

Though linear-type applications are a viable use of 
the Hexsense MOSFET, switching applications consti- 
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When switching high-inrush loads, the 
Hexsense device can limit load current by 
entering the linear region for a perwod of 
time before turning on hard. 


tute the device’s most popular use. In such service, the 
Hexsense device senses the load current only when it’s 
on. When the sensing circuitry detects a preset peak 
current, the device turns off, and you can use this 
transitional signal to set an alarm, such as a warning 
LED on the output of a power supply. You can bias the 
Hexsense device to stay off for a set delay period and 
then turn back on, or you can disable it until the next 
pulse occurs in PWM-type applications. Normally, the 
turn-on delay is essential. Without some delay, the 
current-limiting feedback circuit of the Hexsense de- 
vice will respond to the device current’s waveform and 
significantly increase dissipation. 

It’s important that the sensing circuitry not interpret 
short spike currents (caused by flywheel-diode reverse 
recovery, for example) as an overcurrent condition. You 
can eliminate these spikes by using a small filter on the 
current-sense output. In circuits where the intrinsic 
diode of the Hexsense device has been conducting, and 
the current commutates from the intrinsic diode to a 
MOSFET in an upper leg, there can be a large commu- 


LM339N 
O 12V 


CD4011B 


O 12V 


INPUT QO 


CD4538B 
O 12V 


tating reverse-recovery spike. This condition can create 
some large errors in the current-sense output. To 
prevent these errors from triggering the peak-current- 
detection circuitry, you must employ some form of 
filtering or blanking. 

As noted earlier, the parasitic components on the 
Hexsense die do not neatly divide into the same ratio as 
that of the sense cells’ to the main cells’ on-resistance, 
so problems can occur. The output capacitance of the 
Hexsense die’s sensing circuitry is proportionately 
larger than that of the main device because of the 
relatively larger bonding area of the sense cells. As a 
result, the capacitance-charging current at turn-off for 
high values of dVps/dt looks like a large sense-current 
spike. 

This problem is a major one in high-voltage applica- 
tions that use the virtual-ground circuit. The dynamic 
limitations of the op amp force its output to recognize 
the sense pin’s current as a wide (1- to 2-ysec) current 
peak. If this spike causes problems for the control 
circuitry, you must use filtering and a fast op amp. 


MC14584B 
O 12V 


Fig s—You can readily handle inductive loads by using the IRC530 Hexsense device in the resistor-sensing circuit, combined with a one-shot 
multivibrator for the required delay, and by including filtering on the op amp’s output to reduce reverse-recovery current spikes. 
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Why these new handheld thermometers 
sive the competition chills. 


The chance of finding thermometers that can 
match the new Fluke 50 Series for price 
and performance is like finding snowballs in 
August — slim to none. 

Take the dual-input Fluke 52. With its ex- 
clusive features, you can sequentially SCAN 
the readouts of two temperature inputs and 
their difference, and automatically RECORD 
the minimum and maximum from any one 
channel for up to 1,200 hours. 

Or there’s the single-input Fluke 51. Like 
the 52, it offers 0.1% accuracy and resolution 
to 1/10th of a degree with excellent repeat- 
ability. 

Both accept any standard J or K type ther- 
mocouple probe, and have offset pots for easy 
on-site calibration. Plus they're built to last. 
With a 3-year warranty, the longest in the 
industry. 

No wonder they give the competition chills. 
Starting at a cool $119, they're the hottest new 
thermometers on the market. 

They'e on the shelves at your local supplier, 
SO get yours now. 

Or for more information, call toll-free 
1-800-227-3800, Ext. 229. From outside the 
U.S. call 1-402-496-1350, Ext. 229. 


FROM THE WORLD LEADER IN 
HANDHELD TEST INSTRUMENTS. 


- ON/OFF 


Fluke 51 Single Input Fluke 52 Dual Input 
Measurement range: K-type: — 200°C to +1370°C (—328°F to +2498°F) 
J-type: —200°C to +760°C (—328°F to +1400° 


Accuracy: K-type is +(0.1% of reading +0.7°C or 1.3°F) 


J-type is +(0.1% of reading +0.8°C or 1.4°F) 
°C or °F Selectable 


Hold Mode 

Scan, Differential, and Min/Max Recording Modes (52 only) 
Standard mini-connector input 

1200 hour 9V battery life 

3-year warran 


WIR cs oe Eo Os Oe eee 
General-purpose K-type bead probe included (two with 92). 


IN THE U.S. AND NON-EUROPEAN COUNTRIES: John Fluke Mfg. Co., Inc., PO. Box C9090, M/S 250C, Everett, WA 98206, Sales: (206) 356-5400, Other: (206) 347-6100. 
EUROPEAN HEADQUARTERS: Fluke (Holland) BV., P.O. Box 2269, 5600 CG Eindhoven, The Netherlands, (040) 458045, TLX: 51846 
© Copyright 1986 John Fluke Mfg. Co., Inc. All rights reserved. Ad No. 4708-50 
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It’s wmportant that the sensing circuits not 
interpret short spike currents as an overcur- 
vent condition. 


The Hexsense MOSFET can supplant alternative 
forms of circuitry in, and bring the virtues of current 
sensing to, an impressive number of applications. In 
many power supplies, for example, designers normally 
use a current transformer in the primary winding to 
provide peak-current protection. Current transformers 
take up space and are an additional item that must be 
purchased (or fabricated), stocked, and installed. The 
Hexsense device is much simpler to design in, and it 
performs better because it has no saturation limita- 
tions. You can also use the Hexsense MOSFET to 
trigger some decision-making circuitry that provides 
such options as controlled shutdown and alarm setting. 

The performance of motor-drive circuits improves 
when you provide some form of peak-current limiting. 
High starting or accelerating currents can reduce the 
lifetime of both the motor and the mechanical load. Stall 
currents are also likely to cause motor or load failures. 

You can also use the Hexsense device to limit the 
peak current in the primary of self-oscillating flyback- 
converter circuits. In addition, many designers are 
using resonant circuits to implement high-frequency 
power-conversion circuitry. When using MOSFETs in 
certain topologies, you have to sense the current level 
in order to force zero-current turn-off. You can use the 
Hexsense device to determine when the current equals 
zero. 

In switch-mode power supplies, designers often im- 
plement current-mode control schemes by incorporat- 
ing circuitry that senses the main switch current. In 
this technique, they use the sensing signal to effect 
pulse-by-pulse control of the peak current in the main 
switch, to realize better circuit stability, better dynam- 
ic response, and inherent current limiting. 

The Hexsense device is also useful for current-shap- 
ing service in applications involving hammer-printer 
drivers and brushless- and stepper-motor coils. In such 
applications, there’s a coil that requires a shaped cur- 
rent waveform that will rise very quickly to a predeter- 
mined value, stay at that value for a certain period of 
time, and then decrease very quickly. The typical 
solution employs a high-voltage pulse to obtain the 
necessary fast switching times; if this voltage pulse is 
on for a long time, the circuit’s current drain will be 
significant. The Hexsense MOSFET limits the current 
to the desired value and still allows your design to 
realize fast current rise and fall times. 

In a relay-driver application, the relay’s holding- 
current requirement is about 50% of the pull-in current 
spec. You can save considerable power by driving the 
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relay with an initial high current pulse that has a 10- to 
30-msec duration, and then dropping back to a low 
quiescent current level. This task is a fairly simple one 
when you use the Hexsense MOSFET as the switch- 
and-feedback element to chop the current waveform. 

One final example makes use of a specific member of 
the Hexsense family. Fig 5 illustrates how you can use 
an IRC530 Hexsense MOSFET to limit the peak cur- 
rent in an inductive load. Because of Rs, the reference 
voltage is referred to the Kelvin source rather than to 
the power source. The zener diode produces a constant 
current across a resistive divider that feeds into the 
Kelvin source to produce this effect. Also note that the 
Kelvin source connects to ground through an LM339 
comparator. This comparator’s common-mode input 
voltage range includes ground, so you need no negative 
power-supply voltage. 

The filter on the comparator’s output ensures that 
the reverse-recovery spike of the flywheel diode (Dj) 
will not trigger the peak-current-limiting circuitry. 
Once the current-limiting circuitry switches the 
IRC530 off, the CD4538B one-shot multivibrator keeps 
it off for at least 100 to 200 psec. The enable input 
allows you to control the IRC530 externally. 

In more detail, as the current in the inductive load 
rises, it will shut off the IRC530 when it reaches the 
current peak, and it will freewheel in D;. During the 
IRC530’s 180-ysec off time, the load current decays 
from 10 to 8.5A. The IRC530 switches on, and the load 
current increases. When the current level returns to 
the peak value, the IRC530 switches off again, and the 
whole sequence repeats. EDN 
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A new force in power semiconductors. 


There's a new name in power semiconductors. 

POWEREX, Inc. 

It’s a joining of forces that overnight has created a new leader in the power 
semiconductor industry. 

POWEREX is a joint venture corporation of Westinghouse, General Electric, ana 
Mitsubishi Electric America. It combines their exoerience ... their people ... their facilities ... 
their traditions of quality and reliability, 

And, of course, their products ... a broad, growing line of power semiconductors, 
including rectifiers, thyristors, bipolar Power transistors, triacs, isolated power modules, and 
assemblies. 

POWEREX brings a commitment to the indusiry fo set new standards of excellence 
in products and service. Look for new energy in product development and application sup- 
port. New products with higher switching soeeds and improved efficiency. Faster responses 
to your delivery requirements through better inventory utilization and manufacturing Processes. 

POWEREX is a DOwerful synergy of people, technologies, and resources... anew 
force in DOwer semiconductors. 

For full information, write POWEREX, Inc., Hillis Street, Youngwood, PA 15697. Or call 
POWEREX headquarters at (412) 925-7272. 


Joint Venture Corporation of Westinghouse, General Electric, and Mitsubishi. 
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Zero Detects. 
talk the closer 


The more you 
we get. 
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Zero Defects is more than just talk, of course. But talking with Signetics 
regularly is one important way you can help make it work. 


At Signetics, Zero Defects is a way of working that affects everything we do. 
But it can’t work without you. 


We have to talk with you, and get you to talk with us, about your needs and 
your problems. In fact, we so strongly believe in dialogue that we've put 
together a series of programs to make talking easy. 


Our Self-Qual Program is a case in point. It gives you a say in the develop- 
ment of qualifications testing for product and process enhancements. When 
you take part in the Self-Qual Program, you help design the qualification 
criteria for products you get from us. That way, you don't have to do your own 
testing to verify our results. Your expectations are met—at the same time 
your expenses are cut. 


Signetics Ship-to-Stock Program is another way you can cut costs, turn- 
around time, and inventories—for a lower cost of ownership overall. Together, 
we'll decide which Signetics products you want to include in the program, 
as well as the terms and conditions of final testing. Once again, the test phase 
at your end is eliminated, and the products can go straight from your receiving 
dock to your assembly line or inventory. 


Self-Qual and Ship-to-Stock are two avenues for dialogue that can help 
stop defects before they happen. But what about the mistakes that still occur, 
in spite of everybody’s best efforts? 


Well, we want you to tell us about them. And to make sure you do tell us 
about them, every lot Signetics sends out is covered by a warranty. It’s called 
the Zero Defects Warranty, and it goes like this: Any time you receive a ship- 
ment from Signetics that contains any defect of any kind, just let us know. 
We'll take the whole lot back for rescreening. 


We can’t say there'll be no questions asked; we'll ask plenty of questions. 
Because when you let us know where and how something has gone wrong, 
youre giving us information that’s vital to our standard of Zero Defects. Infor- 
mation we can analyze and use to trace the problem to its source and correct it. 

So if you’ve come to think that every IC lot you buy has to contain its share 
of lemons, maybe you should talk to the company with the highest quality 
standard in the industry: Signetics. 

For more information about Signetics’ Zero Defects Programs and warranty, 
call 800-227-1817, ext. 956D. It’ll do us both a lot of good. 


One standard. Odefects. 


Si en 
eo) subsidiary of U.S. Philips Corporation 
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Buy an HP Logic Analyzer. 


BEAT STAYS 


HP announces a great deal. It's the perfect complement to 
Order an HP 1630/31 logic analyzer your HP 1630/31 logic analyzer. 
anytime between November 1, 1986 and ow Call HP todav: 
° : a Vs 
January 31, 1987, and you'll receive an HP at 1-800-558-3077. 


9122D dual disc drive absolutely free.* A $1,390* 


value, this perfectly-matched, HP-IB compatible drive Don't wait. This offer ends Januar y 31, 1987. 


is ideal for offloading data from your HP 1630/31. . Call between 7:00 am and 5:30 pm CST for literature 

: : : ? on the HP 1630/31 and HP 9122D. Or contact your local HP 

The peripheral for more effective logic analysis. sales office listed in the telephone directory white pages. 
The HP 9122D handles two double-sided 3 1/2” Ask for the electronic instruments department. 


microfloppies for 1420 Kbytes of formatted storage 


capacity. itd HP 1630/31 s etup cae by letti g Offer limited to United States, Canada, and Japan. Promotional 


discount equals the value of the HP 9122D dual drive. All other 


you quickly retrieve previously-stored instrument con- discounts apply. 
figurations. Saves state, timing, and analog measurement tUSA list price only. screen. HPLB: Not just IEEE 488, but he 
data for comparison or archival purposes. And loads S HP-IB Support tat delves the shores 


inverse assembler software for microprocessor analysis. 
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See Triplett Technology in a Different Light. 


Versatile Pane 


Triplett announces a revolution in high-tech panel 
instrumentation: innovative, readable LCD bar graphs. 
These exciting panel meters further establish Triplett as the 
worldwide leader in the design and manufacture of panel 
instruments and test equipment. 


Versatile. Computer-compatible panel meters come in 16 
models and 13 modes. The 103-segment bar graphs are 
specifically designed as replacements for the popular 3.5 
and 4.5 inch analog instruments, as well as for new 
installations. 


Advanced. Triplett’s technology offers you panel 
instrumentation that indicates data, high set point, low set 
point, both set points, peak, valley, both peak and valley 
and alternate between data and the six modes of display. 
The bar graphs are highly visible from a distance of 20 feet. 
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Instrumentation 


Colorful, back-lit displays are available in red, green, 
amber ot blue. You may also choose any combination of 
these colors. Black on gray is standard. 


Adaptable. Panel meters are available in the ‘‘G’’ Series 
curved display; the ‘“WS’’ Series curved display and in the 
Edgewise Series, vertical or horizontal with a front or reat 
mount. 


When you are looking for the finest in high-tech panel 
instrumentation, look to Triplett, the Company America 
has trusted for more than 80 years. 


For more information, call 1-800-TRI-PLET ext. 40. 
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It’s crystal clear 
Cherry has your switch. 


Because you demand maximum 
reliability in the latest state- 
of-the-art components; cost 

effective and delivered on time, 
clearly your choice is Cherry. 

‘ake a Closer look. Send for catalog. 


3600 Sunset Avenue, Waukegan, IL 60087 
(312) 360-3500 
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The hole story about 
fiberoptic connectors 


The more concentric the hole 
in a fiberoptic connector, the 
more precise the alignment 


...the lower the signal loss... 


the greater the efficiency of 
the system. 


Augat Fiberoptic Con- 
nectors are produced with a 
hole tolerance held to an 
incredible +4,—0 microns. 
Concentricity is maintained 
within 2 microns of geo- 
metric center. (Ferrules are 
machined in Augat’s Swiss 
facility by the world masters 
of precision components.) 


Augat Rhode Island further 
ensures optimal alignment by 
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subjecting its connectors to 


profile magnification and 
laser optical power measure- 
ments on uniquely revealing 
instruments. No other manu- 
facturer dares take such a 
close and potentially unflat- 
tering look at itself. 


Best of all, you pay no more 


for the superior excellence of 


the finest fiberoptic connectors. 


Our complete line of SMA 
style multimode connectors 
are available in Arcap and 
Nickel Plated Brass. We also 
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offer a field installable single 
mode connector with less 
than .5dB insertion loss. 


You'll find Augat Fiber- 
optics refreshing to do 
business with... the substan- 
tial resources of a large 
corporation combined with 
the responsiveness and 
service you require. 


See the light with AUGAT 
FIBEROPTICS, 710 Narragan- 
sett Park Drive, Pawtucket, 
RI, 02861. Telephone (401) 
724-4400. Telex—511450. 


NAV § FIBEROPTICS 


Quality and Innovation 


Ree 
Bauer a a eee sees Cane Co tn uno aU cau : 


VACREL lets you design more electrical 


The performance of VACREL gives you the added Tighter designs, better use of real estate. 

design freedom you need when using surface-mount Tighter designs are possible due to accurate 
technology (SMT), the state of the art in printed wiring image registration and reproduction with masks of 
board and printed wiring assembly design. VACREL, even on large panels having two or more 


Du Pont VACREL photopolymer film solder 
masks totally encapsulate fine-line circuits with a 
tough, uniform, high-resolution photopolymer film 


. . . . VACREL photopolymer film solder mask (left). Total encapsulation means less 
that pr ovides excellent dielectric, mechanical, and damage in assembly, greater reliability in use, and reduced potential for field failures. 


electrical protection. Screen-printed solder mask (right) may leave voids, pinholes, and incomplete 
Because VACREL is uniformly thick, it consis- Fie omens e3 


tently covers without skips, pinholes, or voids in a circuit lines between pads and as little as 0.13-mm 
single pass—unlike screened or photoimageable (5-mil) spacing between conductors. VACREL helps 
liquid systems. lower per-function cost by allowing more functions 
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Phokiaraph is 13. 47 times original size. a 


functions inte less real estate at less Fini 


per board, with high first-pass assembly yields, less 
solder bridging, fewer retests and rejects, and less 
potential for field failures. Lower incoming inspection 
costs are possible, thanks to the accuracy of VACREL. 


Accurate component location aids SMT design. 

For surface mounting, VACREL goes beyond 
tighter designs and maximized real-estate utilization. It 
tents via holes to prevent solder wicking, bridging, 
and shorting. Components may be placed directly 
over tented via holes, with virtually no chance of 
contamination from the other side. 

Because VACREL is photoimaged, a precisely 
shaped “well” for solder paste can be created, even 
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with closely spaced pads, to ensure proper placement 
and alignment of components. VACREL is compati- 
ble with wave, vapor-phase, and infrared soldering 
systems. 


Send for VACREL design and productivity package. 

Send today for more information on designing 
printed wiring boards with VACREL. Write to Du Pont 
Company, Room G51085, Wilmington, DE 19801. 
Or call 800-527-2601, Extension 311 


VACREL photopolymer film solder 


mask is made only by Du Pont 
REG. US. PAT & TM. OFF 
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30ns 8Kx8 SRAMs| 


Introducing the fastest 8Kx8s 
in the world. 


The only 8Kx8s fast enough to interface 
with 25MHz, 32-bit uPs—such as the 
68020, 80386 and 32032 — without in- 
itiating wait states. Ideal for applications 
such as large, high-speed control stores, 
high-performance main memories and 
high-speed cache memories. 

IDT7164: 30ns address access time 

IDT7165: 20ns chip select access time 

IDT7174: 37ns cache tag RAM 


IDT7164 is the fastest 8Kx8 in 
the world. A CMOS static RAM that 
runs at an unbelievably fast 30ns ad- 
dress access time and comes in the in- 
dustry standard 8Kx8 pinout. Amazing 
speed at low CMOS power levels. Also 
available in a range of speeds to meet 
the requirements of your application. 


IDT7165 improves system per- 
formance by 25%. A CMOS static 
RAM with 30ns access time 0 20ns 
chip select access on CS, pin 20. 

CL] Industry standard pinout with the ad- 
dition of a bulk clear function on pin 1. 
Pull pin 1 low and you clear the entire 
memory in 60ns. You start out with a 
clean slate and finish up with a clean 
slate, so the software knows exactly 
what to expect in every memory loca- 
tion. LD Turning the power off does not 
necessarily clear CMOS memories. 


Thus our clear function is perfect for 
applications requiring the electronic 
equivalent of a security trash bin. 

CJ Power-down chip select on CS, 
pin 26 reduces power consumption. 


Introducing the first 8Kx8 
Cache Tag RAM. 


IDT7174 simplifies high-speed 
cache memory. Reduces part count. 
Improves speed. This CMOS static 
Cache Tag RAM combines a RAM with 
a comparator. Creating the basic build- 
ing block for a cache memory. For ex- 
ample, you can build an 8K word direct 
mapped cache for a 68020 with only 
seven parts: three 7174s and four 
7164s or 7165s. 

Features include: 35ns access time 
L)3/ns address to compare valid time 
LJ Cascadable in width and depth: 29 
bits of address can be handled with two 
7174s. U1 Single cycle clear of the entire 
RAM allows for cache initialization 
and flushing. LJ Comparison bits 
can be used to implement data 
valid bits, protection bits and task 
identifier bits. 


CMOS power consumption. \ a 


s90mW (max.), 300mW (typ.) active. “& 


Data retention. The |IDT7164 and 
IDT7165 have “L” (low power) versions 


CEMOS and MICROSLICE are trademarks of 
Integrated Device Technology, Inc. 


with a data retention mode that reduces 
typical power from 250mW active to 
100uW when Veg is 5V—or 30uW 
when Vcc is 2V—allowing battery 
backup. 


Packaging. Industry standard 
28-pin, 600 mil DIP LJ 32-pin leadless 
chip carrier LJ 32-pin PLCC. 


May we be of assistance? 
Call 1-800-IDT-CMOS or your local 
IDT representative for copies of our: 


v Tech Note. . . on how to use the 
IDT7164 and IDT7165 

v Application Note. . .explaining how 
to use 8Kx8 Cache Tag RAMs 

v Product Selector Guide. . . on cost- 
effective, high-performance CEMOS™ 
MICROSLICE™ (bit-slice products), 
Subsystems, DSP Circuits (mul- 
tipliers, MACs and FIFOs), ultra-fast 
Logic and one of the fastest, broadest 
lines of Static RAMs in the world. 


When cost effective performance counts 


Integrated 
Device Technology 


3236 Scott Boulevard 
Santa Clara, CA 95054-3090 
(408) 727-6116 


TWX 910-338-2070 
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Synchronous-network 
circuit boosts 
network flexibility 


Synchronous communications are more effi- 
cient than asynchronous and offer such 
benefits as reduced overhead and greater 
network expandability. But, in order to 1m- 
plement an inexpensive and easy upgrade 
of an asynchronous to a synchronous system, 
you must keep hardware and software 
changes to a minimum. 


Sarosh N Vesuna, Advanced Micro Devices 


Upgrading an asynchronous-communications system to 
a synchronous network makes sense when communica- 
tion rates are between 0.5M and 10M bps because such 
a synchronous network can use a carrier-sense, multi- 
ple-access/collision-avoidance (CSMA/CA) scheme. In a 
CSMA network, all devices have equal access. To pre- 
vent several devices from trying to use the network at 
once (and colliding), the transceiver that connects each 
device to the network supports a CA scheme; that is, 
each transceiver detects data on the network and tells 
its communications controller when the network is 
active. 

To implement this type of synchronous network, you 
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need a serial-data transceiver that physically links each 
computer or peripheral to the network, and you also 
need a serial-communications controller (SCC) that 
manipulates the data and formats it for transmission. 
Because the controller may operate in different net- 
works, it must offer flexible transmission and reception 
modes such as nonreturn to zero (NRZ), nonreturn to 
zero interchange (NRZI), and frequency modulation 
(FM). Also, synchronous communications must allow 
for synchronous data-link control (SDLC), high-level 
data-link control (HDLC), and bisynchronous (bisyne) 
data formats. Because synchronous protocols include 
error-detection information, the SCC should implement 
cyclic-redundancy-check (CRC) algorithms. Standard 
CRC algorithms implement the CRC-16 and the CCITT 
polynomials. 

You can use an Am7960 coded-data transceiver and an 
AmZ8530 serial-communications controller IC to build a 
1M-bps data network suitable for office and industrial 
applications. The AmZ8530 is a 2-channel, program- 
mable chip that adapts to many network architectures. 
In the sample circuit of Fig 1, one AmZ8530 channel 
controls synchronous data communications; the second 
operates as a 19.2k-bps RS-423 or RS-232C asynchro- 
nous data link. An RS-432 line driver and an RS-422/ 
RS-423 differential line receiver connect the asynchro- 
nous channel to an external device such as a printer. 

To implement the collision-avoidance scheme, the 
control circuit gates the AmZ8530’s Request-To-Send 
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Fig I—This communication circuit includes an AmZ8530 serial-communic 
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an octal bus transceiver, and the Am29809 identifies a 9-bit address that selects the AmZ8530. 
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ations controller chip and an Am7960 transceiver. The Am2947 is 
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ae 


(RTS) signal with the Am7960’s Advanced Carrier- 
Detect (ACD) signal. The Am7960 asserts ACD when- 
ever its receiver detects network activity. The gate’s 
output furnishes the Am7960’s RTS signal, which pre- 
vents the chip from transmitting whenever the ACD 
signal is active. 

As an example, consider a 4-device network in which 
device 1 transmits data and device 4 receives data (Fig 
2). Although devices 2 and 3 don’t read the message, 
their ACD outputs are asserted because they sense 
communications taking place on the network. Referring 
back to Fig 1, if you use the ACD signal to force the 


Am7960’s RTS input to a logic one, you prevent devices. 


2 and 3 from transmitting while the network is active. 
During transmission, the active transmitter internally 
negates its ACD signal. Thus, the gating circuit doesn’t 
cause the transmitter to block its own transmissions. 
The Am7960 supports a modem-like interface, and so 


The controller requires a byte every 8 sec. 
Using DMA transfers cuts down the 


CPU’s overhead operations. 


connections between the AmZ8530 and the Am7960’s 
transmit-data (TxD), transmit-clock (TxC), receive- 
data (RxD), and carrier-sense (CS) signals are direct. 
However, the receiver-clock (RxC) signal presents a 
problem. To meet the timing constraints of the 
AmZ8530 chip, you must invert the Am7960’s RxC 
signal before it reaches the AmZ8530. 

The transceiver’s Mode input lets you program the 
chip to transmit a preamble or to pass a preamble from 
the AmZ8530 through to the network. When the 
Am7960’s Mode input is a logic one, the chip passes a 
preamble from the AmZ8530’s transmitter onto the 
network. When the Mode input is grounded, the 
Am7960 transmits its own 32-bit preamble of alternat- 
ing ones and zeros. The final zero is automatically 
inverted to a one: .. . 010101011. After transmitting 
the preamble, the Am7960 asserts a Clear-To-Send 
(CTS) signal to the AmZ8530. 


752 COAXIAL CABLE 


VICE 1 
ee eS eee 


Fig 2—A typical 2-wire network must provide a collision-avoidance scheme that prevents two transmitters from using the bus 


simultaneously. 
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Upgrading an asynchronous communica- 
tion system to a synchronous network makes 
sense when data rates are between 0.5M 
and 10M Ups. 


C3>1000 pF 


Fig 3—A third-overtone crystal and external components drive the 
Am7960 chip’s clock inputs when the frequency is above 24 MHz. The 
value for the inductor (L,) in the trap circuit depends on the crystal’s 
frequency. 


The Am7960’s X; and X2 pins supply a clock signal 
that generates the TxC and RxC signals. You can drive 
the X; and X, inputs with either a crystal or TTL- 
compatible oscillator. The internal crystal oscillator 
must operate in third-harmonic mode for oscillator 
fréquencies above 24 MHz (Fig 3). If you drive the X, 
imput with a TTL-compatible signal, then leave X, 
unconnected. The clock input at X; must be 16 times the 
data rate. | 

Large surge and common-mode voltages are routine 
on network cables, so you must electrically isolate the 
transceiver chip from the cable. A pulse transformer 
that isolates the transceiver from the cable solves the 
common-mode-voltage problem. The Am7960 provides 
high-impedance inputs and outputs that let you connect 
it to the coupling transformer directly. Also, grounding 
the transformer’s center shield provides a ground path 
that dissipates voltage surges on the network. 

Because the transceiver uses ac coupling to the 
network, you must use some form of data encoding to 
keep the ac component of the data transmissions high. 
For example, long strings of ones or zeros contain no 
logic transitions and thus no ac signals. Therefore, the 
proper information doesn’t pass through the transform- 
er. The Am7960’s internal Manchester encoder encodes 
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each data bit as a logic-level transition. Because each bit 
period contains a transition, the transmission also pro- 
vides timing information that lets transceivers 
synchronize themselves. 

In addition to meeting the electrical specifications of 
a CSMA/CA network, your hardware must meet FCC/ 
VDE regulations for radio-frequency and electromag- 
netic interference. When signals have rise and fall 
times that are too short, they generate electromagnetic 
fields that interfere with nearby electronic equipment. 

A low-cost network obviously can’t include an expen- 
sive shielded cable that would block such radiation, but 
reducing the slew rate of the transmitted signal is an 
alternative. If the rise and fall times of the output 
signals are each set at 30% of the transmit-clock period, 
the output waveform resembles a sine wave (Fig 4). 
Smoothing the signal reduces the high-order harmonics 
that cause interference. You can control the slew rate of 
the Am7960’s transmitted signal by connecting a resis- 
tor between its slew-rate control pin (TSRC) and 
ground. Calculate the resistor’s value according to 


3.3 10°Q/SEC 


Rgrc = F 


where F is the frequency in hertz. 

It’s important to remember that as you define the 
transceiver’s hardware, you must also keep in mind the 
software that will implement your medium-speed net- 
work. Data transfers between the host computer’s 
memory and the communications controller may be 
handled by the CPU as polled or interrupt-driven 
events or by a DMA controller. When choosing between 
these schemes you must determine how much of the 
CPU’s time is available for data processing. For exam- 


30% TxC 


Fig 4—You can control the slew rate of the transceiver’s output to 
reduce the high-order harmonic signals that cause interference. 
Adjusting the output signal so the rise and fall times are 30% of the 
transmit-clock period lets you approximate a sine wave. 
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Networikina... 


see your way Ciear 


You're not alone. It’s easy to get confused 
by the enormous spectrum of networking 
requirements, products and technologies 
that blur the way. 


Let Augat bring your picture into focus. 


Augat is one of the world’s most respected 
names in electronic interconnection tech- 
nology. We possess a unique capability for 
network solutions, because of unequaled pro- 
duct breadth coupled with vast experience in 
the OEM and CATV marketplaces. 


Augat offers an unusual combination; the 
resources of a large ($250,000,000.00), vigor- 
ous growth company plus a willingness and 
ability to go beyond merely selling products. 


(Wii 


= 

SS 2 E 
= 
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Our commitment to total solutions comes 
from years of experience in the CATV market, 
where total support is an integral service. 

Let us helo you enjoy a better view. Call 
or write “NETWORKING”, Augat/Broadband 
Communications Group, 710 Narragansett 
Park Drive, Pawtucket, Rhode Island 02861, 
(401) 724-4400. 


Broadband Network Electronics ¢ Coaxial 
Connectors « Fiberoptics ¢ Test Equipment 
e System Compatible Cross Connections 


Quality and Innovation 
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The communications controller must mont- 
tor the network for activity in order to 
avoid data collistons on the cable. 


SET TRANSMIT MODE 


TRANSMIT ENABLE 


Fig 5—Individual bit patterns program the AmZ8530’s write regis- 
ters for proper synchronous-communication protocols. Although the 
bit patterns change depending on the protocol and options you select, 
you should follow a similar sequence. 


ple, the CPU may spend considerable time transferring 
data and commands to and from the communications 
controller. 

The controller’s data rate and available CPU time are 
closely related. To support a 1M-bps data rate, the 
communications channel requires a data byte every 8 
sec. That isn’t much time considering all the CPU 
must do: fetch data from system memory, transfer it to 
the communications channel, update a byte-transfer 
counter, and determine when the transfer is complete. 
In addition, if the CPU polls the communications con- 
troller, extra time is required. Likewise, if the control- 
ler’s software is interrupt-driven, the CPU must per- 
form additional housekeeping tasks. 


Software consumes valuable time 


Executing a software routine for each byte-transfer 
operation is time consuming. In general, if the data- 
transfer routine requires more than eight bit periods— 
8 wsec for a 1M-bps transmission—a CPU-driven data 
transfer scheme isn’t feasible. 

If the CPU’s time is limited, consider using direct- 
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memory access (DMA) techniques, which free the CPU 
of many overhead operations. In the controller circuit of 
Fig 1, for example, the AmZ8530 transfers data to and 
from the host CPU’s memory by DMA. The chip 
provides a DMA request signal (W/REQ) that requests 
a transfer cycle from the host computer’s DMA control- 
ler. When ready, the DMA controller responds by 
asserting its DACK, output and then transferring a 
data byte. Accesses to the AmZ8530 must not be 
quicker than the chip’s valid-access recovery time, 
which you can calculate according to 


RECOVERY TIME = 6 (PCLK PERIOD). 


Thus for a 6-MHz PCLK signal the recovery time is 
1000 nsec. Note that the PCLK signal controls the 
AmZ8530’s internal timing; it doesn’t establish the 
transmitter’s or the receiver’s data rate, although the 
data rate can’t exceed % of the PCLK signal. 


Initialize controller sequentially 


Whether you initialize the AmZ8530 to operate as a 
DMA device or as a device that requires direct CPU 
action, the initialization process requires that the CPU 
write control bits in a subset of the AmZ8530’s 16 write 
registers (WRs). For example, to transmit using a 
DMA operation, your program must write a set of 13 
bytes into WRs (Fig 5). Generally, you initialize the 
AmZ8530 in three stages. During the first stage, you 
program the chip’s operating modes and load values 
into registers. The second stage enables the chip’s 
hardware circuits such as the transmitter and the 
receiver. You must establish the chip’s operating modes 
before enabling the hardware functions. In the third 
stage, you enable the chip’s interrupts—if your applica- 
tion requires them. 

Accessing the AmZ8530’s registers involves two 
steps. First, you put a pointer in register WR, to 
identify which register you'll write into next. Then, the 
next write operation loads data into the register that 
WR, points to. After you put data into a register, the 
AmZ8530 automatically points back to WR, for a new 
address. To ensure that the chip does point to WR, 
after a power-up sequence, perform a dummy read from 
the command port. 

To initialize the AmZ8530 chip, first reset it by 
writing a C0;5 to WR». Next, writing 20, to WR, sets 
the SDLC mode, chooses a 1x clock, and instructs the 
communications controller to use synchronous data 
transmission and reception. The next step is to pro- 
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Put yourself on the 
right track with CAD. 


Computer-aided design. 
Until recently, it con- 
jured up images of 
massive, room-sized 
computers and engi- 
neers in white lab coats. 
But a few years 
ago, AutoCAD® changed 
all that. With a soft- 
ware package that 
turned the per- 
sonal computer 
on your desk 


into an easy-to-use elec- 
tronic drawing board. 
For everything from 
PC boards to shopping 
centers. Tooling to top- 
ographical plans. 
Technical illustra- 
tions. Facilities 
layouts. 
Even #4-6-4 
Hudson 
model railroad trains. 
Now AutoCAD is even better. 


Introducing AutoCAD 2.5 

Of course, the newest version of 
AutoCAD still has all the features that 
made the original the industry standard. 
Accuracy, Power, and Versatility. 

But now, there are improvements all 
down the line. 

For example, AutoCAD performs most 
PAN and ZOOM operations five to ten 
times faster than the previous version. So 
design and redesign are faster than ever. 

There is also a wealth of new com- 
mands for creating ellipses, doughnuts, 
and polygons. And new editing commands 
that let you STRETCH, TRIM, EXTEND, 
ROTATE, SCALE, and EXPLODE objects. 

The result? A powerful electronic 
drawing tool that lets you concentrate on 
the drawing, and not on the electronics. 


Feel Comfortable at the Controls 


Never used a computer before? 
AutoCAD’s easy-to-use menus guide you 
from action to action. You can even create 
your own menus. And use an on-line 
“HELP” command if you get stuck. 


Drawings Courtesy of Little Engines, Inc. 
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Save hours of drafting time. 
Draw frequently used diagrams just once 
and re-enter where needed. 


What if you have second thoughts, or 
make a mistake? AutoCAD’s new, sweeping 
UNDO capability lets you erase what 
you've done—so you have total freedom to 
draw and experiment. 

There are also enhanced customiza- 
tion features. Support for over 30 different 
microcomputers (as well as several 32-bit 
UNIX-based systems). Even support for the 
new IGES standard, to let you easily and 
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accurately translate drawings between 
AutoCAD and most other CAD systems. 

All of which combine to make the new 
AutoCAD fit more neatly and comfortably 
than ever into the way you're used to 
working. 

How to Get on Board 

For a demonstration of AutoCAD 2.5, 
or any of our other products, call or write 
us for the name of the dealer nearest you. 

Call us too if you want the location and 
telephone number of your nearest 
AutoCAD Authorized Training Center. 

We'll make sure you get headed down 
the right track. 


AUTOCAD" 


AUTODESK, INC. 
2320 MARINSHIP WAY 
SAUSALITO, CA 94965 

(800) 445-5415 
TELEX 275946 ACAD UD 
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Manchester encoding provides the transmis- 
stons with a ligh degree of ac energy that 
passes through the coupling transformer. 


gram the AmZ8530 for DMA transfers. Writing 40). 
into WR, lets the chip assert its W/REQ signal whenev- 
er the transmitter’s buffer is empty. Although writing 
to WR, sets up the DMA operation, it doesn’t enable it. 

The transmitter’s parameters define its operations. 
For example, placing 63,5 in WR; defines an 8-bit 
character, selects and enables the CRC-generating 
polynomial, and asserts the Request-To-Send signal. 
Writing to WR; later in the initialization sequence 
enables the transmitter. 

Register WR, contains the address of your network 
station. In the SDLC mode, the byte that follows the 
opening flag contains a destination device address. If 
the receiver matches the address byte with the address 
in WR,, it accepts the data. However, if the addresses 
don’t match, the receiver ignores the data. The SDLC 
protocol requires a flag pattern that lets the receiver 
synchronize itself with the incoming data. The initiali- 
zation sequence includes the SDLC flag pattern 
01111110, or TE; that you load into WR;. 

Bits in WR, let you choose the state of the transmis- 
sion line while the chip is idle or waiting to send data. 
The SCC can transmit flag bytes (01111110) or a 
continuous stream of ones (11111111). If you choose to 
transmit ones, you must turn off the idle condition at 
the beginning of a frame so the transmitter can send an 
opening flag. 

The WR, and WR, values set up other internal 
operations, such as presetting the conditions for send- 
ing the CRC value. Writing a value to WR, lets you 
select the source of the transmitter- and receiver-clock 
signals. 

In stage 2 of the initialization process, you enable the 
transmitter by loading 6B,, to WR;. After you enable 
the transmitter, setting WR, to 80), initializes the CRC 
generator. Last, you enable DMA requests by writing 
C0,; to WR,. Because the system operates by DMA, it 
doesn’t require any interrupts, and thus the third stage 
in the initialization process is unnecessary. 


DMA controller starts output 


To begin a data transmission, load the host CPU’s 
DMA controller with the starting address and byte 
count for the transmission data stored in the CPU’s 
memory. When your software enables the DMA con- 
troller, the SCC’s DRQ; signal starts a DMA sequence 
that transfers data from memory to the SCC. The 
transfer continues until the DMA controller’s byte 
count reaches zero. 

Once the SCC chip transmits all the data, additional 
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data requests from the SCC to the DMA controller 
result in an underrun condition: The transmitter is 
ready to send data, but none is available. When an 
underrun condition occurs, the SCC transmits a 2-byte 
CRC value and goes into its idle condition. While idle, it 
transmits SDLC flag values. While the SCC is idle, 
your program can reload the DMA controller with the 
starting address and length of a new packet. The SDLC 
protocol requires only one flag between information 
packets. 

Before the circuit can receive information, you must 
initialize the AmZ8530’s receiver section. The initializa- 
tion sequence is similar to the sequence for the trans- 
mitter. The receiver must enter the hunt mode, during 
which it synchronizes itself to the signals it receives. In 
addition, the receiver must check any incoming data for 
an address-match condition, and it must perform CRC 
calculations on the data it receives. 

When you develop the receiver’s software, you have a 
choice between two methods of detecting the end-of- 
frame condition that signifies the end of a message. The 
first method requires the host CPU to poll a bit in the 
AmZ8530 chip. The chip sets the bit when it receives a 
valid closing flag. The second method generates an 
interrupt when the chip detects a closing flag. In either 
case, your software must save the received message 
(perhaps on a disk) and prepare to receive the next 
message. EDN 
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Operational Amplifiers For High Performance Applications. 


You can’t design great circuits with ¢ Low Drift, 5u4V/°C max OPA27/37: Ultra Low Noise, Low Drift 
SO-so parts. These amps give you all | * Low Noise, 15nV/./Hz ¢ Low Noise, 2.7nV/V Hz (1kHz) 

the top specs you need, and the low e Low Offset Voltage, 25uV max 
prices may surprise you. If you New OPA404: Precision Quad e Low Drift, 0.6uV/°C max 

haven't tried them yet, youdontknow | pve e Ind, Mil Temp Ranges 

how much amp you can get for so ¢ High Speed, 6.4MHz GBW 

little. e Low Bias Current, +4pA max Ask your Burr-Brown sales 
OPA111/2111: Low Noise, Precision e Fast Slewing, 35V/usec representative for the product data 
Dilefs® ¢ Low Offset Voltage, +750uV max sheets you need. Or, contact 

¢ Low Drift, 1uV/°C max Applications Engineering, 

« Low Noise, 100% tested OPA606: Wide-Bandwidth Dyvfer® 602/746-1111. Burr-Brown, P.O. Box 
e Low Bias Current, 1pA max ¢ High Speed, 13MHz GBW 11400, Tucson, AZ 85734. 


¢ Low Offset Voltage, 250uV max 


¢ Low Bias Current, 100A max 
¢ Ind, Mil Temp Ranges ‘ 


e Fast Slewing, 35V/ysec : 
° Single (111) and Dual (2111) as BURR -BROWN 
_. OPA21: Precision Low Power 
New OPA128: Monolithic ¢ Low Power, lo = 200uA (+15V) 


Electrometer Ditlet® e Wide Supply Range, +2.5V to +18V 
e Ultra Low Bias Current, +75f{A max | , High Loop Gain, 120dB min 


¢ Low Offset Voltage, +500uV max 
Diet ® Burr-Brown Corp. 
CIRCLE NO 218 


| _ Improving Analog Productivity 


lake control of the office 
with 8-bit, single-chip solutions from NEC: 


You've got to engineer cost-effi- 
cient systems for today’s office. 
And aggressively develop new 
products for emerging business 
applications. 

That's why NEC gives you two 
series of 8-bit CMOS single-chip 
microcomputers. The pPD78Cll 
and 78C14 for your immediate 
needs. And the »PD78312 for 
demanding real-time-control 
applications. 


78C 11/14 WITH ON-BOARD A/D. 


For high performance in current 
office assignments, the 78Cll 
and 78C14 feature superior math 
capability. Plus an on-board 
8-channel, 8-bit A/D converter, 
and lots more: 


(JAmple I/O; five 8-bit I/O ports. 
(]256-byte RAM on-board; 4K ROM 
with 78Cl1l; 16K ROM with 78Cl4; 

ROM-less version 78C10. 

_) 16-bit processing; add/subtract, 
increment/decrement and 
compare. 

(JIndirect addressing for table 
look-up; auto increment/decre- 
ment for block moves. 

LJ] Packages: SDIP, PLCC, FLAT 
(Gull-wing) and QUIP. 

(JExtended temperature versions 
to 110°C. 

_] Development tools compatible 
with IBM® PC. 


The 78Cll/14 are handy outside 
the office too. For handheld in- 
struments, industrial process/ 
motor control and automotive 
applications. 


Computers and Communications 


you asingle-chip strategy for 
success in emerging markets. 
Including high-speed printers, 
facsimiles and copiers. 

The 78312 can control two 
stepper- and two servo-motors, 
all independently. Other fea- 
tures include: 


(JUnique approach to interrupt 
handling; less than 2us from 
request to completion. 

(16-bit ALU; 0.5us minimum 
instruction time. 

(1) Powerful on-chip peripherals; 
8-bit A/D, bidirectional serial port, 
two 16-bit up/down counters. 

C1)Extra I/O lines; up to 401/O lines. 

(1 256-byte RAM; 8K-byte ROM; OTP 
and ROM-less versions available. 

1) Packages: SDIP, FLAT (Gull-wing), 
PLCC and QUIP. 

XMExtended temperature versions. 

(1 Development tools compatible 
with IBM PC. 


If you want a larger share of the 
office automation market, NEC 
offers a full line of single-chip 
solutions. They're in volume 
production now. Software and 
development tools are waiting 
on the shelf. We're all geared up 
to meet your needs. So call us on 
it, today. 

For further information, please contact: 


BUSA Tel:415-960-6000. TWX: 910-379-6985 


MEurope W. Germany 
Tel:0211-650302. Telex:8589960 NE D. 


The Netherlands 
Tel:040-445-845. Telex:51923 NEC B NL. 


Sweden 
Tel:08-732-8200. Telex: 13839 NECSCAN. 


France 
Tel:1-3946-9617. Telex:699499 NEC EF. 


78312 FOR REAL-TIME CONTROL. 


Italy 
Tel:02-6709108. Telex:315355 NEC EIT I. 


The 78312 is an 8-bit CMOS micro 
with 16-bit performance. 

The ideal device for real-time 
motor/engine control, it gives 


IBM is a registered trademark of 
International Business Machines Corporation. 


UK Tel:0908-691133. Telex:826791 


@ Asia Hong Ko 


ng 
Tel:0-242-824. Telex:54561 HK NEC HX. 


Taiwan 
Tel:02-522-4192. Telex:22372 HK NEC TP. 


Singapore 
Tel:4819881. Telex:39726 NECSIN RS. 


NEC 
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Give your electronic brain 
the same critical advantages 
you give your own. 


Cabinetry as sophisticated 
as the computer it protects. 
For performance, design, 
functionality, processability... 
specify the highest 
performance engineering 
resins—the smart choice 
from GE Plastics. 


Let us give you the edge 
in computer design. 
(800) 845-0600. 


GE PLASTICS 
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TANTALUM CHIPS 
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e Orientation guides — 
Beveled edge and 
polarity stripe on 
anode end. 


¢ Precision molded — 
Smooth surface for 
vacuum pick-up, 

part after part. 


¢ Symmetrical ter- 
= minals — Rectangular 
terminals for superior 
a soldering; no “wheelies” 
a or “tombstones.” 


¢ Compliant termina- 
tions — Terminals flex to 
relieve stress during 
thermal cycling. 


UNION 
CARBIDE 


TRW has extended its broad line of resist- 
ive products and materials expertise into 
surface mount technology providing 


TRW 1042 

4g956P/N f 

G202326 fF 
“| 8547 


Chip Carrier ¢ Thin Film Custom Network 
Precision Network ¢ Thick Film Flat Chips 


© TRW Inc. 1986. R.86.4 


volume production of any style to meet 
your functional circuit needs. 


Featured are TRW’s RG Metal Glaze™ 
Power Chip resistors with a 70% size re- 
duction over leaded versions and smaller 
“footprints” than flat chips or MELF ver- 
sions of the same wattage. If close tolerance 
and very low TCR aren’t enough, consider 
the enhanced reliability of TRW’s no-end- 
cap design up to 2 watts. 


TRW offered the first precision wirewound 
surface mount device, to 3 watts, for cur- 
rent sensing, surge and pulse applications. 
You expect this from a market leader! 


Add in TRW flat chips, chip carriers, thick 
and thin film precision networks. Top it off 
with TRW TaNFilm™ flat pack networks 
offering superior temperature performance 
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with special mechanical configurations, and 
you have the broadest SMT offering in the 
resistive products industry. TRW/RPD 
means SMT. 


For more information, contact your local 
TRW distributor. Or TRW Resistive 
Products Division, TRW Electronic Com- 
ponents Group, Greenway Road, P.O. Box 
1860, Boone, NC 28607. 704.264.8861. 


ee 
Resistive Products Division 
TRW Electronic Components Group 


A New Name In 


Three-Five Semiconductor is a new com- 
pany that’s deep into opto-electronic tech- 
nology. As a fully integrated, interna- 
tional manufacturer, we pay _ close 
attention to every detail . . . from pulling 
the GaAs ingot to final testing the assem- 
bled product. 

The result is a broad spectrum of top- 
quality opto components supplied off-the- 
Shelf . . . in high volumes and competi- 
tive prices . . . delivered anywhere in the 
world. That’s a competitive edge tough to 
beat! 


Alphanumeric Displays 
with Integrated Drivers 


Bar Graph Displays 
with Integrated Drivers 


AC and DC Clock Modules 
Infrared Emitters/Detectors 
Optocouplers 
LED Digits and Digit Sticks 
LED Lamps 


Opto Products! 


You'll be hearing a lot more from Three- 
Five Semiconductor. Our brand-new De- 
sign Center in Tempe, Arizona, is already 
churning with ideas for advanced standard 
and custom products, such as Application- 
Specific Integrated Displays (ASIDs) that 
will make tomorrow’s opto applications 
smarter than ever. 

Look to Three-Five to service your 
standard and custom opto product needs. 
Call or write today for our catalog and list 
of worldwide distributors and_ sales 
offices. 

We'll help lighten your load! 


THREE-FIVE SEMICONDUCTOR, INC. 


U.S.: 4545 S. Wendler Dr., Tempe, AZ 85282 
EUROPE: Cherry Orchard North, Kembrey Park, Swindon, Wiltshire, U.K. 
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Tel 602/431-0431 


TWX: 510-6-1-1436 FAX: 602-431-0790 
Tel/(-793) 618835 TWX: 445813 
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Designer’s Guide to 
PC-Board Logic Design—Part 1 


Use of check list 


prevents problems 
in I’I'L systems 


Practical considerations, never mentioned 
in a product’s spec sheets, can destroy the 
chances of your digital logic design becom- 
ing a reality. By asking yourself the follow- 
ing questions, you can check your designs 
before committing them to hardware. Part 
1 of this series covers TTL devices; part 2 
will cover MOS and memory circuits. 


Nathan O Sokal, Design Automation Inc 

ngineering expertise, as distinct from theoreti- 
EH cal engineering knowledge, is what makes it 

possible to transform a prototype into a product 
that will work reliably when it comes off the production 
line. Accumulating practical knowledge takes time and 
experience, of course, and it’s important to know what 
the specs don’t tell you and what factors might contrib- 
ute unintended results. The following check list can 
help you take into account certain criteria that might 
adversely affect your prototype: 


1. Have you used the transition of a logic output as a 
clock? When two or more logic inputs change state at 
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the same time, they can generate partial-amplitude 
transitions; the design then becomes sensitive to varia- 
tions of delay in individual ICs. 


2. Is the rise or fall time at any gate input longer than 
50 nsec—for example, when you’ve applied a lowpass 
filter (Fig 1a) to attenuate noise pickup? If the rise or 
fall time is slow, noise or stray feedback while the input 
voltage is near the device threshold can cause multiple 
triggering, bursts of oscillation, or pattern sensitivity. 
Use only devices with Schmitt-trigger inputs (types 13, 
14, etc), which are immune to this type of noise (Fig 1b 
and Ice). 


3. Can the circuitry generate a voltage difference 
greater than 5.5V between any two inputs of a standard 
TTL gate? If such a differential is unavoidable, you 
must take steps to limit the current to less than 2 mA. 


4. Can the circuitry drive standard-TTL inputs nega- 
tive with respect to ground? If so, connect all multiple- 
emitter gate inputs together to avoid emitter-emitter 
breakdown, which can occur at 5.5V. 


5. Do any of the low-power Schottky ICs have pnp- 
transistor input circuits? (Such ICs constitute about 2% 
of the available LSTTL devices.) A transient negative 
voltage at the input of such a circuit can saturate the 
pnp device, resulting in a recovery time that may be as 
long as 150 nsec. 
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Devices with the same numeric designa- 
tions, but manufactured by different ven- 
dors, may differ in speed and have minor 
functional differences. 


O. Is there a possibility of a difference between the 
ground voltages of different pc boards? If so, low inputs 
could become heavily forward-biased. Any inputs (but 
particularly LSTTL device inputs) that are pulled 
below —1V may cause changes of logic function or 
output because of the resulting substrate injection. 


7. Have you tied all unused inputs to guaranteed logic 
levels? When connecting unused inputs to Vcc, use a 
series current-limiting resistor of not less than 10000. 


74XX74 
U FLIP-FLOP 


74XX14 
SCHMITT 
TRIGGER 


SCHMITT 
TRIGGER 


Fig 1—Clocked TTL devices are edge triggered and require a fast 
transition to operate reliably. Clock signals that change slowly, 
either because of intrinsic characteristics or because of attempts to 
filter out noise (a), may cause multiple triggering of a flip-flop. If 
you first apply the signal to a device such as a Schmitt trigger (b and 
c), the signal will clock a flip-flop properly. 
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(LSTTL devices are free of this restriction.) Alterna- 
tively, you can connect the unused inputs to logical one, 
obtained at the output of an inverter that has a 
grounded input. 


8. Have you made any external connection to “NC” 
(No Connection) pins of the IC? Doing so can cause 
problems because sometimes such pins are connected 
internally to the substrate. 


9. Does the system use clock/data rates that approach 
the maximum speed of standard TTL devices? If you 
use standard TTL devices in such a system, connect 
unused inputs of a gate to used inputs, rather than to a 
logical one. This procedure can reduce the propagation 
delay of the devices by 1 to 2 nsec. 


10. Are you using low-power Schottky devices that 
are performing close to their maximum speed capabili- 
ty? In contrast to the practice for standard TTL, you 
should not connect unused LSTTL inputs of the same 
NAND or AND function to other inputs. You should 
connect the unused inputs of LSTTL devices, which 
have diode inputs, directly to Vcc. 


11. Have you connected any gates in parallel? Don’t 
connect gates from different packages in parallel be- 
cause timing differences between the packages can 
produce very high transient current spikes. As close as 
possible to each IC with parallel-connected gates, con- 
nect a ceramic bypass capacitor between 5V and 
ground. 


12. Have you used any wired-OR connections? If so, 
you must use devices with open-collector or 3-state 
outputs to drive the wired-OR nodes. You can’t success- 
fully connect a cascode -type TTL output (of any TTL 
family) directly to another cascode output in the wired- 
OR configuration because the cascode output circuit 
actively drives the output terminal to the one and zero 
states. Thus, a gate in the zero state effectively short 
circuits (and may damage) a gate in the one state to 
which it is directly connected. 


13. Have you used any devices as line drivers that 
have internal feedback from their outputs? If so, line 
reflections may cause false data to be stored in flip-flops 
and registers. 


14. Are you using line-driver gates only for that 
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purpose? Gate inputs connected directly to a line- 
driving output (Fig 2a) might receive erroneous inputs 
because of abnormally long delay times caused by the 
capacitive load on the line-driving gate, because of line 
reflection, or because of excessive loading on the driv- 
ing gate. If you need to drive gates from the signal 
that’s applied to the line, connect them to the input side 
of the line driver, through an inverter if required (Fig 
2b). 


15. Have you connected any TTL devices directly to 
external test points? An accidental short circuit in the 
external wiring can damage the IC. You should always 
‘Insert a protective resister (80 to 100Q) between the IC 
‘and the test point. As an added benefit, the resistor 
‘improves the impedance match between the test leads 
‘(which act as a transmission line) and the signal source 
being tested. The resistor will also absorb reflections 
returning toward the source from the mismatch at the 
load (test equipment) end of the transmission line. 


16. Are you using standard TTL gates as line receiv- 
ers? If so, you'll obtain a better noise margin and faster 
rise time by connecting a pullup resistor of 500 to 20000 
between the receiving end of the line and Vcc. In 
addition, you can reduce emitter-emitter breakdowns 
and noise problems by using only single-emitter-input 
devices, such as Schmitt-trigger inverters, as line re- 
ceivers. If you must use a multiple-emitter-input device 
for this purpose, connect all of the emitters together. 

If you’re using standard TTL gates as line drivers, 
place the gates as close as possible to the line connec- 
tors. Connect a series resistor of 27 to 47 directly to 
the gate output, and use twisted-pair or 9380 coaxial 
cable. 


17. Are you using pullup resistors on devices with 
totem-pole outputs? Active-pullup (totem-pole) TTL 
has a guaranteed high output voltage of only 2.4V. You 
may have to connect a pullup resistor at a TTL output 
in order to match some MOS circuits that require a high 
input voltage of 3.5V or more. The pullup resistor will 
yield a high level of 3.5V plus a noise margin. 
Unfortunately, manufacturers do not specify or test 
the internal leakage current to ground of a TTL gate 
with an active pullup device, and therefore the voltage 
drop in the pullup resistor is undefined. Whenever you 
need to guarantee a high level of 3.5V or more, try to 
use a pullup resistor with open-collector gates (for 
which the manufacturer specifies leakage to ground); 
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74XX14 
SCHMITT 
TRIGGER 


Fig 2—Never use the output of a line driver to drive other logic (a); 
signal reflections caused by wmpedance mismatches in the unter- 
minated line may generate spurious signals in the onboard logic. 
Instead, drive the onboard logic from the input of the line driver (6,) 
if necessary using an inverter to achieve the desired polarity. 


alternatively, you can perform your own test of leakage 
to ground for the totem-pole gate involved. 


18. Does any input circuit include either an external 
series resistor or an external pull-down resistor con- 
nected from the input to ground? If so, verify that the 
maximum value of the resistor allows the low input level 
to meet the logic-zero maximum-voltage specification 
(Fig 3). 


19. Is any standard-TTL input driven from a gate 
that has a pullup resistor of less than 10000? If so, you 
should connect all the inputs of the standard TTL 
component together in order to obtain the maximum 
input breakdown voltage of 7V, rather than the single- 
input figure of 5.5V. 


20. Have you applied equal loads to all the outputs 
of the devices that have multiple outputs and that have 
internal feedback from those outputs? Unequal loads 
can create unequal delays at the outputs and thus can 
cause false data to be produced and stored. (The 9316 


255 


Parts from different TTL families may not 
be pin compatible. 


counter is an example of a component that is exception- 
ally sensitive to this phenomenon. ) 


21. Do any register chips have multiple clock inputs 
and a control input to select one (or none) of the clock 
inputs? Changing the state of the control input when 
one or both of the clock inputs is in a specified logic 
state can produce a spurious clock in the register. The 
vulnerable logic state is one for some registers and zero 
for others. Read the specification carefully. 


22. Are you using decoded counter outputs (such as 
ripple carry) as clocks for memory devices or other 
counters? You should buffer or gate these signals to 
ensure that they are free of transients unless such 


Vet=MAXIMUM LOW-LEVEL DRIVER VOLTAGE 
Ret=GENERATOR IMPEDANCE AT LOW LEVEL 
Rpp=PULL-DOWN RESISTOR 

Rs=MAXIMUM VALUE OF SERIES RESISTOR 
ViL=INPUT VOLTAGE (LOW LEVEL) 
IL=MAXIMUM INPUT CURRENT (LOW LEVEL) 


gating is included in the counter. 


23. Have you accounted for current-dumping input 
effects? Suppose that input A of a multiple-input TTL 
gate is driven by a high-impedance source, such as a 
150© line. If all inputs are initially low, they share the 
sinking of the TTL input current. If inputs B, C, D, ete, 
all go high together, the high-impedance source driving 
input A is required to sink the entire TTL input 
current. The resulting increase in voltage drop across 
the high impedance of the source may generate a 
momentary high at input A. 


2A. Are you using monostables? If noise is affecting a 
monostable, it’s usually entering at the Rx/Cx timing 


Rep 


MAXIMUM ALLOWED: Vi, => —————— 
Ret + Reo 


(Va + IL: Rat) 


CHECK OVER THE RANGES OF BOTH Ret AND Rep 


MAXIMUM ALLOWED: Vit=Ver+t IL(Rs + Ret) 


WHEN Rex IS ITS MAXIMUM ALLOWED VALUE 


Fig 3—You can sometimes match two devices of different types by using a pull-down resistor (a) or a series resistor (6). You can ensure that 
the input of each device reliably achieves the correct low level by calculating the value of the resistor from the equations. 
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pin, which presents a high impedance. Noise will termi- 
nate the output pulse prematurely. Typically, a 200-pF 
capacitor connected between the Rx/Cx pin and ground 
can suppress noise without affecting the timing, 
provided that the timing capacitance (Cx) is much 
larger than the bypass capacitance. The timing resistor 
should be as close to the device as possible, and you 
should place a bypass capacitor at the point where the 
timing resistor connects to the voltage rail. 


25. Can the selected monostables trigger upon re- 
moval of the reset signal? Some monostables, such as 
the 122 or 123 devices, have internal connections be- 
tween the clear input and the input-trigger gating logic. 
If you remove the clear signal while the trigger inputs 
are in their active states, these connections cause the 
device to generate an unwanted output pulse. Devices 
such as the 9052 are free of this problem. 


26. Have you considered the effect of open-collector 
TTL during the power-up and power-down transients? 
While Vcc is between 1 and 3.5V, the output of an 
open-collector gate will remain at the logic zero level, 
regardless of the logic state of the inputs. If you use the 
output signal for initializing other logic, an unre- 
coverable error might result. 


27. Have you exceeded any gate fan-out limits? At 
high frequencies, the true fan-out capability is less than 
the zero-frequency rated fan-out, and you should apply 
a derating factor. Be particularly cautious when driving 
clear inputs and clock inputs—for example, the clear 
input of the 109 and the clock input of the 111 are each 
equivalent to three standard loads. 


28. Have you considered worst-case voltage-noise 
immunity? This is typically 0.4V. The worst situation 
across the TTL range is that of Schottky or low-power 
Schottky chips driving low-power chips; then the low- 
state voltage-noise immunity might be as poor as 0.2V. 


29. Have you considered full-range temperature ef- 
fects on switching characteristics? Only de-specified 
limits are guaranteed over the entire temperature 
range. 


30. Have you considered power dissipation in light of 
the operating frequency? Power dissipation is frequen- 
cy dependent; it starts rising at some point between 1 
and 2 MHz because the rise and fall times then become 
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CURRENT-LIMITING 


7406 RESISTORS 


Fig 4—Don’t try to drive LEDs or other high-current devices 
directly from TTL outputs (a). The overload will make the TTL 
device unreliable and, in the case of multiple outputs, may overheat 
and damage the whole IC. Instead, use a high-current driver and 
protective current-limiting resistor for each LED (6). 


appreciable fractions of the signal period. 


31. Are you using high-voltage switching devices? If 
so, you must maintain Vcc on open-collector drivers so 
that the output transistors retain their rated maximum 
breakdown voltage. Unless Vcc is applied, the output 
transistor breaks down at its BVcro, which is much 
lower than its rated BV crv. 


32. Have you connected TTL outputs directly to 
grounded-cathode LED anodes (Fig 4a) or grounded- 
emitter npn bases? If so, the TTL high outputs are 
clamped to a low voltage (about 1V). If multiple outputs 
of the same TTL IC are loaded in this way, the IC could 
burn out. Further, if the TTL device is a register or 
counter that uses internal feedback, it will store false 
data. You should always drive such loads through a 
series resistance (Fig 4b). 
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At switching frequencies above 25 MHz, 


the power disstpation of Schottky TTL may 
exceed that of ECL. 


33 « Have you used 7-segment decoders? If the system 
can’t tolerate ambiguous displays, use only devices 
with limited-ambiguity features, such as the 9317. 


34. Does the system use asynchronous signals as 
inputs to clocked logic? No more than one flip-flop 
should change state in response to an asynchronous 
input signal. Differences in the setup times of individu- 
al flip-flops make it impossible to reliably determine the 
final logic state of a system in which one or more 
asynchronous signals control multiple flip-flops. 


35. Must the system be resistant to EMP (electro- 
magnetic pulse) conditions? Only the gold-doped TTL 
families have an inherent resistance to latch-up under 
EMP conditions. 


36. Are the outputs of totem-pole TTL devices sub- 
ject to short circuits? Generally, the data sheets allow 
only a single output to be subjected to a continuous 
short circuit; a short circuit applied to more than one 
output may overheat and damage the entire package. 
Treat with special care recent LSTTL designs and 
redesigns that lack the current-limiting resistor that 
was present in earlier versions. Buffer gates have 
short-circuit time limits as brief as 100 msec. 


37 . Will LSTTL inputs be driven from a high-voltage 
source? Some LSTTL vendors are willing to select (at 
your request) devices suitable for use with sources as 
high as 15V. Those devices have standard ratings of 7V 
or more. 


38. Are TTL inputs subject to static-electricity dis- 
charge? Low-power, low-power Schottky, and Schottky 
TTL devices are known to fail when exposed to 5 pJ. 


39. Have you used a synchronous (clocked) rather 
than an asynchronous logic system? If so, debugging 
will be much simpler, and unexpected interactions will 
be fewer and much less severe. 


40. Do your ICs have their power and ground pins at 
the corners of the packages? This practice will ease 
maintenance and debugging. Although some devices 
have nonstandard placement of power and ground pins 
(for example, LS83A, LS90, LS93, and LS75), you can 
often find direct replacements that have power and 
ground pins at the corners (for example, LS283, LS290, 
LS293, and LS375). 
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41. Have you made an off-board connection directly 
to a signal that performs onboard logic functions? 
Don’t: Instead, isolate the outgoing signal from the 
onboard signal by means of a buffer device (Fig 2). 


42. Does your system use predominantly MSI compo- 
nents? If so, select J-K flip-flops with care. Most MSI 
circuits are clocked on the positive-going edge of the 
clock pulse, whereas most J-K flip-flops are clocked on 
the negative-going edge. Mixing the two types can 
cause timing-skew problems. A possible solution is to 
use a positive-edge-triggered J-K such as the 109. 


43. Have you chosen the system’s switching rate? 
The rate may affect your choice of logic family. At 
switching frequencies exceeding 25 MHz, the power 
dissipation of Schottky TTL devices begins to exceed 
that of 10K ECL devices because the Schottky totem- 
pole output transistors exhibit conduction overlap. 
Also, Schottky technology is not specified to drive a 50 
to 800 resistor in the high state; for this reason, a 
Schottky gate takes 11 nsec to drive unterminated 
30-em (max) lines to a valid high logic level. On the 
other hand, a 10K ECL gate takes only 6 nsec to drive 
its terminated line of the same length to a valid high 
level. Note, too, that switching speeds of TTL devices 
(including Schottky) are specified at 25°C only. Switch- 
ing speeds of ECL devices, by contrast, are specified 
over the entire operating-temperature range. 


44. Are the gates that drive transmission lines lo- 
cated as close as possible to the line connector? If they 
are, you'll minimize the ground-return impedance and 
thereby minimize coupling to other circuits through the 
common ground impedance. 


45, Have you decided on what type of pe board to 
use? Ground and Vcc distribution can be crucial. On a 
multilayer pe board, use one entire layer for ground and 
another entire layer for Vcc. If not enough layers are 
available to do that, distribute Vcc and ground via the 
meshes of a power grid (Fig 5). The grid consists of a 
set of vertical buses on one layer (one Vcc and one 
ground bus for each column of ICs) cross-connected by a 
set of horizontal buses on another layer (one Vcc and 
one ground bus for each row of ICs). Plated-through 
holes connect one plane to the other at each place where 
the Vcc buses cross each other and at each place where 
the ground buses cross each other. 

If you can’t devote a whole layer to one or the other of 
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Introducing the Fastest Family 
of CMOS EPROMs on the Circuit 


WSI EPROMS: 
Twice as fast as 
the Pack. 

WSI’s family of CMOS EPROMs 
keeps you in the fast lane with 
access times as low as 55 NS, 
leaving systems with wait states in 
the dust. That means you can now 
turbo charge your system. With 
EPROM architectures ranging from 
8K x 8 to 16K x 16. 


WSI RPROMs: Bipolar speed with 
CMOS low power. 

Our unique CMOS high-density 
Reprogrammable PROMs (RPROMs) 
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match the speed of your favorite 
bipolar PROMs. So you can replace 
them with our pin-out compatible 
RPROMs. And get EPROM repro- 
grammability and low power 
consumption as well. 


WSI: Puts you on track fast....... 
reliably. 

Our EPROMs and RPROMs program 
in less than 16 seconds. Plus you 
get 200 MA of latch up protection 
and a minimum of 2000 V of ESD 
protection. So your production 
revs up faster. With more reliable, 
smoother running products. 


Call the WSI team today. 

With this kind of speed and 
reliability, it makes sense to check 
out WSI’s EPROMs and RPROMs. 
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So call us at (800) 331-1030, 

ext. 234,orin CA. (800) 323-3939, 
ext. 234. And we'll get you on the 
road to higher performance today. 
Waferscale Integration, Inc., 

47280 Kato Road, Fremont, 

CA 94538 


Part No. 
WS57C191/291 
WS57C43 
WS57C49 
WS57C64F 
WS57C128F 
WS57C256F 
WS57C65 
WS57C257 


L/arer/Cavce 


| UE ee 


Speed Type 

40 ns. 2kx8CMOS RPROM 
55ns. 4k x8 CMOS RPROM 
55ns. 8k x8 CMOS RPROM 
55 ns. 8k X 8 CMOS EPROM 
70 ns. 16k x 8 CMOS EPROM 
70 ns. 32k x 8 CMOS EPROM 
55 ns. 4k x16 CMOS EPROM 
70 ns. 16k x16 CMOS EPROM 
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Beware of differences between the ground 
voltages of pe boards. They can heavily for- 
ward-bias inputs, with resulting changes in 
function or output. 
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TO OTHER ROWS 


Fig 5—It’s best to devote two complete board layers to power 
distribution. If that’s not possible, use a grid of the type shown here. 
The vertical solid lines represent Vcc and ground traces for each 
column of ICs on the component side. The horizontal dotted lines 
represent feed buses located on another layer (or copper rails 
mounted on the component side). 


the sets of buses shown in Fig 5, you can replace them 
with bus-bar components mounted on the pc board. 
Such bus bars are available from Bussco Inc (El Segun- 
do, CA). You can obtain bus bars with built-in, distrib- 
uted bypass capacitance from Eldre Components 
(Rochester, NY) and Bus Products Div of Rogers Corp 
(Mesa, AZ) as well as from other vendors. 


46. Have you eliminated low-frequency ripple and 
high-frequency noise from the Vcc bus? To eliminate 
ripple, use a solid-tantalum bypass capacitor of 10 to 
300 wl’, located at the point where the Vcc bus enters 
the pe board. To eliminate noise, bypass the bus to 
ground with a set of ceramic capacitors distributed over 
the pc board; use one capacitor of 10 to 100 nF (0.01 to 
0.1 wF) for every three to five 14-pin DIPs (or the 
equivalent number of gates in other types of packages). 
To minimize the inductance that will appear in series 
with the capacitor, keep the wiring between the capaci- 
tor body and the Vcc and ground buses as short and 
wide as possible. 


47 . Did you select your ceramic capacitors with care? 
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Each one should be able to source a 200-mA, 10-nsec 
current pulse with no more than a 50-mV perturbation 
of Vcc. The important frequency-domain characteris- 
tics of the capacitor are its equivalent series resistance 
(ESR) and equivalent series inductance (ESL) in the 
frequency range from the clock frequency to about 120 
MHz for low-power Schottky, Schottky, and advanced 
Schottky; 70 MHz for TTL; 60 MHz for advanced 
low-power Schottky; and 12 MHz for low-power de- 
signs. For such capacitors, ESR is specified only at 1 
kHz, and ESL isn’t specified at all. The 1-kHz ESR isn’t 
a reliable indicator of the capacitor’s high-frequency 
performance. 

You should evaluate the candidate capacitors with a 
pulse test or by measuring impedance in the frequency 
range of interest, and choose accordingly. For example, 
you might find that one type of 10-nF capacitor is better 
at high frequencies than another type of 100-nF capaci- 
tor. To save space, you can use flat-plate decoupling 
capacitors that fit underneath the DIP IC, sharing the 
Vcc and ground holes drilled for the IC leads. Readily 
available flat-plate capacitors include Micro/Q from 
Q/PAC Div of Rogers Corp (Tempe, AZ) and Decup 
from Eldre Components (Rochester, NY). 


48. Have you used locally mounted decoupling capaci- 
tors for bistable devices, line drivers, MOS interface 
devices, and monostables? Dual monostables in particu- 
lar require a power-supply decoupling capacitor 
mounted directly at the package pins to prevent inter- 
action between the two monostables. 


49, Are high-current lamp and relay drivers mounted 
on the same card as the TTL devices? If so, provide a 
separate ground line for the high-current devices: TTL 
has a very low ground-voltage noise immunity (0.4V or 
less). 


50. Are single-wire (free-space or flying-lead) con- 
nections made between boards? Single-wire connec- 
tions have poor crosstalk and reflection characteristics. 
For standard TTL and LSTTL, wire lengths must be 
less than 25 cm; for Schottky, wires should be less than 
12 cm long. For longer lengths, use coaxial or twisted- 
pair cable with a characteristic impedance (Z») of about 
1000. 


5 1. Have you checked family interchangeability? De- 
vices from different families (standard, low-power, low- 
power Schottky, Schottky, high-speed, advanced low- 
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Consider using synchronous (clocked) logic 
rather than asynchronous logic: Synchro- 
nous logic is easter to debug. 


power Schottky) are not necessarily pin compatible 
even though they have the same numeric identifier. 
Examples of incompatible devices are the H78 vs the 
LS78 and the LS86 vs the L86. Family interchangea- 
bility isn’t possible without detailed checks, even when 
fan-out, speed, and timing aren’t important factors. 


52. Have you checked vendor interchangeability? 
Devices having the same numerical designations but 
sold by different vendors aren’t necessarily directly 
interchangeable. Minor functional differences and 2:1 
speed differences are common. Major functional differ- 
ences are occasionally evident; for instance, National 
Semiconductor’s DM54123 is functionally different from 
all other 54128 devices. 


53. Are the chosen components actually available 
from the manufacturers? Sometimes manufacturers list 
products that are not yet in production. Make sure that 
you don’t inadvertently select discontinued or obsolete 
parts. 


54. Are the outputs of low-power Schottky devices 
pulled up to a higher voltage than Vcc or connected to a 
low-impedance capacitive load? You’ll find considerable 
differences between the output circuits of LSTTL com- 
ponents available from the major vendors. Unusual 
loading practices will restrict interchangeability among 
parts from multiple vendors. 


55. Are low-power or high-speed devices used in the 
design? These technologies are being displaced by 
low-power Schottky, Schottky, advanced Schottky, 
Fairchild advanced Schottky TTL, and advanced low- 
power Schottky designs. Such devices don’t necessarily 
have the same pinouts as the earlier technologies, even 
when the numerals after the alphabetical prefixes are 
the same as for the low-power or high-speed devices. If 
you're using HCT CMOS devices, the input and output 
voltages of these devices are identical to those of 
LSTTL parts, and so therefore you can interconnect 
HCT and LSTTL devices with complete compatibility. 


56. If you’re updating or enhancing a TTL logic 
system, have you checked the date of the original 
design? Pre-1970 TTL circuits were produced without 
diode input clamps; anti-ringing circuits used before 
1970 are no longer required. Also, don’t use TTL ICs 
manufactured before 1970 in circuits that might have 
ringing problems. 
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57. Have you chosen your octal bus transceivers? 
Texas Instruments makes the 75160A Series of octal 
bus transceivers, which may generate output glitches 
during the power-up and power-down transients. Na- 
tional Semiconductor’s DS75160A Series doesn’t have 
this problem. The 75160B Series from TI was rede- 
signed to be glitch-free. EDN 
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ntil now, you expected to get 
what you paid for. Bruning’s 
new ZETADRAF 900 E-size, 


single sheet plotter gives you more. 


How? We've designed and engi- 
neered a totally new E-size plotter 
to the point where it outperforms 
every other plotter of its type. 


And at the same time, we reduced 
the price! 


The drawing quality is superb. 
And, when you consider 6 g’s accel- 
eration, 45 ips chart speed and 
8-pen color capability, it’s unmatched. 


Of course our faster plot speed 
means your output is higher than 
ever. ZETADRAF 900 could cut the 


plot time for your most dense design 
in half. 


ZETADRAF 900 supports all 
major CAD software packages and 


is compatible with most computers. 
Interfaces include RS232, IEEE-488, 
GML and HPGL. 


No prior plotter experience 
is required, even for liquid ink. 
ZETADRAF 900 has two levels 
of operation—novice and advanced. 
But everyone appreciates features 
such as the angled, LCD control 
panel and the ability of the plotter 
to store even complex user-designed 
configurations. 


Sorry CalComp and HP We just 
didn’t realize when we started out 
that we could produce so much plot- 
ter for so little money. But we did. 
Get all the facts about ZETADRAF 
900 or our other ZETA drafting 
plotters by calling (415) 372-PLOT 


or write: 
Bruning Computer Graphics 


777 Arnold Drive A division of 
Martinez, CA 94533 Yf, 
TWX 910-481-5951 international 
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We also lowered 
the price? 


YEARS FROM 
NOW WILL 
YOUR MILITARY 
SUPPLIER BE 
JUST ABAD 
MEMORY? 


It’s no secret—there’s a lot of uncertainty in the marketplace. You never know if the company you’re dealing 
with today will still be around to service you tomorrow. And that’s a chance you can't take—especially in 
the military market. 

With INMOS, you’re not taking any chances. We have a seven-year history ot supporting all major 
military defense programs with static and dynamic RAMs. Our fabrication facilities are fully compliant with 
MIL-STD-883C; with military burn-in, performance testing and quality assurance conducted in Colorado Springs. 

We have your future in mind with our new CMOS military SRAMs (with pertormance to 35ns over the full 
military temperature range) and military low power battery backup CMOS SRAM products. We're the only 
company in the world to produce 64K and 256K DRAMs with RAS access times down to 80ns, and we're going 
to keep on producing and servicing innovative military products year atter year. 

For military products you can depend on, count on INVOS—the beginning of a very good memory. 


64K CMOS SRAMs MILITARY DRAMs 


IMS1600M (x1)* 45,55, 7Ons 
IMS1620M (x4)* 45,55, 7Ons 
IMS1624M (OE, x4)* |45, 55, 70ns 
IMS1630M (x8)* 45,55, 70ns 


16K SRAMs 


Device Process|Access limes 


IMS1400M (x1) |NMOS /45, 55, 7Ons 
IMS1420M (x4) |NMOS |45, 55, 7Ons 
IMS1403M (x1)* |}CMOS |35, 45, 55ns 
IMS1423M (x4) |}CMOS |35, 45, 55ns 

®) and IMS are trademarks of the INMOS Group of Companies. 


*Also available as Low Power Battery Backup CMOS SRAMs with Idr of 10pA (typical Icc at 2V at 25° centigrade). inmos, B 


MIL-STD-883C RAMs 
9 IAIMOS 


IMS2600M (64Kx1) |NMOS | 100, 120, 150ns 
IMS2800M (256Kx1) |CMOS |80, 100, 120, 15Ons 
IMS2801M (256Kx1) |CMOS |80, 100, 120, 150ns 


INMOS, Colorado Springs, Colorado, Tel. (303) 630-4000; 
Bristol, England, Tel. (0454) 616616; 
Paris, France, Tel. (1) 46.87.22.01; 
Munich, Germany, Tel. (089) 319 10 28; 
Tokyo, Japan, Tel. 03-505-2840. 
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From a world leader in VF technology... 


VF DOT MODULES WITH 


3 TATE-OF-THE-ART INTELLIGENCE 


BY FUTABA 


With Futaba’s new intelligent VF module system, our design and manufacturing capability, 
of display and module package alike, translates into cost-efficient benefits for you: 


§ Time-Proven Display 
and Circuit Assembly 
Experience—Since we 
manufacture both the dis- 
play and the module, our 
experience in circuit design, 
software, board assembly 
and packaging enables us to 
back our products with in- 
depth, knowledgeable 
Service. 


& Competitive Pricing— 
At Futaba, turnkey design 
and production of our VF 
modules eliminate a second 
manufacturer's cost to you. 
Futaba display modules are 
very price-competitive, as a 
result, making them more 
feasible for many applica- 
tions which were not pre- 
viously cost-effective. 
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aging—Surface-mounted 
components, coupled with 
proven Futaba assembly 
know-how, result in a very 
space-efficient unit for your 
design. 


@ Space-Efficient Pack- 
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@ Easy User Interfacing 
—Only a5 VDC power sup- 
ply is required for these 
products. Users will also 
appreciate having both 
parallel and serial data input 
ports already on-board. 


®@ Long Unit Life with 
High Reliability—Fewer 
components on-board and 
surface-mounting decrease 
the service requirements for 
Futaba modules, while in- 
creasing unit life with high 
performance reliability. 


PLUS...you get the inherent 
benefits of vacuum fluores- 
cent technology...high 
brightness, high contrast, 
superior readability and 
excellent viewing angle. 


Standard Modules Available: Sizes (Lines x Characters) Character Size Module Dimension: 


M20SD01CA 1x20 
M20SD42CA 1x20 
wee, M4osp02cA = 11x 40 
= M40sp42cA—Es« 1x 40 
= % se ree ed = 
ieee: ~M202SD03CA 2x20 


SHAN TGGGR SEABORTF ANE TEEN 


2. 


.20” 
344" 


.20” 
344" 


.20” 


.20” 


6.3” x 1.97" «75 
7.1” x2.16” x .88' 


9.45”"x 2.16” x .88' 
9.45”x 2.16” x .88' 


6.7” x2.56” x .90' 


10.43”"x 2.56” x .90’ 


For state-of-the-art display modules, industry knows only one name, 
Futaba Corporation of America. 


266 Phone: 312-884-1444 m Telex: 23-206833 # Fax: 312-884-1635 


Please contact Futaba directly at 312-884-1444 


or your local Futaba representative: 


Corporation of America Visit Us At WESCON BOOTH NO. 2304 


FUTABA 


Electronic Components Division 
Futaba Corporation ® 711 East State Parkway ® Schaumburg, IL 60195 
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LEMO B Series quality connectors available i in. multicontact 
_ from 2 to 64 contacts, or unique coaxial-multicontact, 
or high voltage multicontact: configurations _ 


SPEED: Connectors engage and disengage simply AESTHETIC-FUNCTIONAL DESIGN: Outer shell and 


and quickly by pushing and See = with the back nut finished with matte chrome plating. Contacts are 
_ meatedconnecttoor ~—C _ gold plated. LEMO connectors will Ses any front 
_ SPACE SAVINGS: Only finger clearance on two sides panel application. — 
_ needed to engage and disengage connectors. No need Over $1 million oe Spoken in Santa Rosa, California, 
_ totwistorturniockingring. — sold by a network of representatives in North America. 


RELIABILITY: Key/ Keyway pattern oes nite, For technical data and catalog, as well as the name of 

exclusivity. Quick-Lok mechanism assures secure — your local representative, please call or write LEMO 
contact by audible click when lock is ice Color US.A., INC. {707|578-8811, PO. Box 1 1006, 

coding | is available too. Santa Rosa, ae 95406. 


RUGGEDNESS: Connector components are precision 
machined from brass bar and tubing stock, plated with 
copper and then nickel. Locking mechanism is totally 


2 re Be outer Ait eliminating accidental al - \ | : — : a : S . 


the microprocessor is reset until the power returns 
WATCHES SOFTWARE ROUTINES. A watchdo; 
timer monitors the software for routine behavior 

\\ If the MicroMonitor is not alerted within a pre 
scribed length of time, it assumes the processo: 
is out of control and mandates a restart 
FETCHES ON COMMAND The DS123: 
monitors the processor’s vital signs inde 
pendently of human intervention. How 
ever, it can be connected to an externa 
push-button for operator initiated restart 
| CHASES DISCRETES With the MicroMonito1 
“the customary RC Network and logic requirec 
for processor shutdown and restart are no longe 
needed. ¢ If you think your computer system coul< 
use a watchdog for a companion, then give us a whistle 


If a dog is man’s best friend, this watchdog may very well be a 
computer’s best friend. Dallas Semiconductor has collared 
an idea that every computer system needs. For the first 
time, a single chip can monitor the vital signs of a 
microprocessor-based system, acting as a watch- 
dog for a system malfunction. Dallas Semi-_ | 
conductor’s DS1232 MicroMonitor electrically 
observes the microprocessor’s power supply, 
software execution and external override push- 
button. When deviant behavior is sensed, the 
DS1232 shuts down the microprocessor and 
snaps it back into correct operation. 

BARKS WHEN POWER FAILS To monitor 
the power supply, an on-chip precision reference 
is compared to Vcc. When Vcc is below a program- 
mable -5% or -10% criteria, power failure is assumed and 


ly 
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(= DALLAS SEMICONDUCTOR + 4350 BELTWOOD PARKWAY « DALLAS, TX 75244 + 214-450-0400 


INTERNATIONAL DISTRIBUTORS: ALFATRON, AUSTRALIA 4 BETEA, BELGIUM © REA, FRANCE © TEKELEC, FRANCE @ CET, HONG KONG © MALHAR, INDIA © STG, ISRAEL © COMPREL, ITALY © TEKELEC, ITALY 4 
SYSTEMS MARKETING, JAPAN 4 DYNAMAR, MALAYSIA @ DIGICONTROLE, PORTUGAL @ INTEGERAD ELEKTRONIK, SCANDINAVIA © PROMILECT, SOUTH AFRICA © VINE OVERSEAS TRADING, SOUTH KOREA @ COMELTA, SPAIN 4 
KONTRON, SWITZERLAND © LANDCOL, TAIWAN © JOSEPH ELECTRONICS, UNITED KINGDOM © ATLANTIK, WEST GERMANY 


Designer’s Guide to 
Synchronous V/F Converters—Part 2 


Synchronous VEC | 


enhances accuracy in 
analog-input systems 


A synchronous voltage/frequency converter 
(SVFC) is an easy-to-use and accurate tool 
for converting analog-input signals to dig- 
ital format. In part 1 of this article, you 
learned about VFC operating principles; in 
the conclusion, you'll learn how to interpret 
VEC specs and examine three applicatins 
for an SVFC. 


Larry DeVito, Analog Devices Semiconductor 


A synchronous voltage/frequency converter provides 
an easy and low-cost way to convert analog signals to 
digital form. Moreover, an SVFC’s synchronicity mini- 
mizes the drift and nonlinearities you encounter When 
using asynchronous devices. Once the operating princi- 


ples of VFCs and SVFCs are comprehensible (see Ref 


1), you'll find it easier to interpret a VFC’s specifica- 
tions and appreciate the three applications for the 
AD651 SVFC (signal multiplexer, isolated analog front- 
end circuit, and analog multiplier) described in the 
following pages. 

The linearity error of a VFC is usually specified by 
the end-point method; that is, the error is expressed in 
terms of the deviation from the ideal voltage-to-fre- 
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quency transfer relation after calibrating the converter 
at its full-scale and zero points. Fig la shows a voltage- 
to-frequency transfer relation; nonlinearity is exagge- 
rated for clarity. To measure nonlinearity, first draw a 
straight line between the end points of the operating 
range, then find the difference between this end-point 


OUTPUT FREQUENCY 


(a) 


INPUT VOLTAGE 


OUTPUT FREQUENCY 


Viow 


INPUT VOLTAGE 


-_ 
iz 
— 


Fig 1—These curves graphically illustrate integral linearity (a) 
and offset (b) for a V/F converter. Nonlinearity is any deviation 
from the end-point straight line, and offset is the intercept of the 
end-point line with the frequency axis. The converter’s gain is the 
slope of the end-point line. 
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You can obtain almost unlimited resolution 
from a V/F converter, but the device’s ac- 
curacy at any point 1s ultimately limited by 
its nonlinearity. 


ERROR (ppmx 10°) 


500 1000 1500 2000 2500 3000 3500 4000 450 


CLOCK FREQUENCY (kHz) 


Fig 2—These ratio-gain curves for a population of AD651 synchro- 
nous V/F converters show that the VFCs’ gain varies slightly as the 
clock frequency increases. The ratio gain is the VFC’s full-scale 
frequency divided by the clock frequency. You can see that the AD651 
family of converters has ratio-gain errors ranging from 2000 to 
—2000 ppm. 


line and the actual response of the circuit at a few points 
(typically 10 points will suffice). The difference is a 
frequency error measured in hertz. Finally, you norma- 
lize these frequency errors to the full-scale frequency 


and express them as parts per million (ppm) of the 
full-scale range. 

The VFC’s gain is the slope of the end-point line you 
used to determine nonlinearity. The offset of the volt- 


age-to-frequency transfer relation is the intercept of 


the end-point line with the frequency axis, as shown in 
Fig 1b. Gain drift is the change that occurs in the slope 
of the end-point line when the temperature changes. 
You must carefully consider this parameter of a VFC 
because the ultimate accuracy of a system may be 
limited by temperature changes and not by the lineari- 
ty of the converter. The power-supply rejection ratio 
(PSRR) specifies the change in the VFC’s gain as the 
power-supply voltage changes. You can find more infor- 
mation about the specifications and testing of VFCs by 
consulting Ref 2. : 
In addition to these usual performance specifications, 
the SVFC has another dimension you must consider: 
the change of the gain as a function of clock frequency. 
Here, the gain doesn’t refer to a raw hertz/volt figure; 
the hertz/volt figure is proportional to the clock fre- 
quency. Instead, the result refers to the figure ob- 
tained by counting the SVFC’s output pulses as a ratio 
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of the clock frequency. The full-scale frequency is 
always half the clock frequency, so the nominal “ratio 
gain” is 0.5, subject to a +0.5% tolerance. 

Fig 2 shows the typical change in ratio gain as a 
function of clock frequency. You precisely determine 
the gain at a 100-kHz clock frequency, then you in- 
crease the clock frequency to 5 MHz, and record the 
changes in gain. Note that the maximum change in gain 
over this frequency range is only +0.2%. 


SVFCs can multiplex signals 


An SVFC suits many practical applications. For 
instance, it’s often necessary to measure several differ- 
ent signals and relay the information to some remote 
location. A central computer might monitor the temper- 
ature, pressure, and water level in a steam boiler; in 
such a case, it would be desirable to limit the amount of 
cabling between the boiler and the control room. You'll 
find it very convenient to use three AD651 SVFC 
devices in conjunction with a 4-phase clock to combine 
all three measurements into one binary signal. 

Reconstruction of the multiphase clock and the de- 
coding of the individual signals take place at the remote 
location. If only the three frequencies are required, 
then you must sample the multiplex signal at appropri- 
ate times as determined by the various phases of the 
reconstructed clock. You can express these frequency 
signals as a ratio relative to the clock, so the transmit- 
ter’s frequency doesn’t even have to be highly stable. If 
you want to reconstruct the analog voltages from the 
multiplexed signal, then you should use three more 
AD651 SVFC devices as frequency/voltage converters. 
Fig 3 shows a block diagram of the whole system, along 
with a detailed schematic of the transmission link 
which, in this case, uses the EIA RS-422 standard for 
digital-data transmission over a balanced line. 

Fig 4 shows the complete multiplexer schematic. A 
TIM9904A 4-phase clock driver generates the clock 
inputs for the several SVFC channels, and the circuit 
combines the frequency signals by simply strapping all 
the frequency output pins together (in a wired-OR 
connection). The one-shot in the AD651 sets the pulse 
width of the frequency output pulses so that they are 
slightly shorter than one-quarter of the clock period. 
It’s essential to include some sort of synchronization 
within the multiplexed signal in order to sort out the 
identity of the three signal channels. 

The system achieves synchronization by applying one 
of the four available phases to a fixed TTL one-shot 
(74LS121) and by combining the output with the use of 
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an external transistor. To facilitate decoding the signal, 
the width of this sync pulse is shorter than the width of 
the frequency-output pulses. The RC lag network on 
the input of the one-shot provides a slight delay be- 
tween the rising edge of the clock and the sync pulse in 
order to match the AD651’s 150-nsec delay between the 
rising edge of the clock and the frequency-output pulse. 

Fig 5 shows the waveforms of the four clock phases 
and the multiplex-output signal. Note that the syne 
pulse is present at every clock cycle, but the data pulses 
occur no more frequently than at every other clock cycle 


Am26LS31 


because the maximum output frequency from the 
SVFC is half the clock frequency. This circuit uses an 
819.2-kHz clock frequency; it will provide more than 16 
bits of resolution if you allow a 100-msec gate time for 
counting pulses of the decoded output frequencies. 


Ye who multiplex must demultiplex 


The demultiplexer, shown in Fig 6, performs several 
functions: It distinguishes the sync pulses from the data 
pulses, it reconstructs the multiphase clock, and it 
samples the multiplex signal in time to separate the 
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Fig 3—To combine measurements from three different sources onto one data-transmission line, this multiplexing system uses a 4-phase 
clock and three SVFCs at the transmitting end; a multiplexer and three more SVFCs (configured as frequency-to-voltage converters) 
reconstruct the analog signals at the receiving end of the system. This system uses an RS-422 balanced transmission line. 


EDN November 13, 1986 


atl 


A synchronous voltage-to-frequency convert- 


er provides a convenient way to multiplex 


several analog signals onto one data-trans- 


ne. 


l 


MISSION 


i 
Mh 


Tt 
oo 


ae 


-Vs© 


15 pF 


O-V; 


15 pF 


MULTIPLEX 
OUTPUT 


500 
2N2222 


0 


; 


50 pF 
BH 


x 
N 


ONE-SHOT 
74LS121 


Hi iis: 2 
ee i Hee 


b ou] 9.9) + Ww nm 
Cy 
z2a<a 


150 


1500 pF 


10 pF 


5V 


2768 MHz 


on 


U 5V 


7.4 pH 
L=41 TURNS 


1k 


fo) 


Ee, 


MICROMETALS 


C=300 pF 


U 5V 


i 


fit} 
; ) : 


O 1 


| 


Hy 
Hi} 


O 2 


the ICs’ 
is narrow 


ing 


ls by pin-strapp 


signa 


dth of the sync output pulses. Th 


wi 


lexer to decode the signals 


ves the one-shot that sets the pulse 
tp 


plexer. The multiplexer combines the SVFCs’ 


n, and it allows the demult 


& 
S ~» 
= 
~ a) 
ES 
3 2 
D 
33 
iS) 
7 
. SG 
ee 
sss 
RNwo 
~2 OR 
Ss 
Box 
Rss 
%.3 SR 
© 
sO 0° 
ES 
sss 
S) 
ge! 
g 
vos 
2,ES 
s¥) 
S55 
& = § 
~ is) 
<5 2 
436 
=e 
~~ 
mse 


EDN November 13, 1986 


212 


data signals. The sync pulses are distinguished from 
the data pulses by their shorter duration. Each falling 
edge on the multiplex-input signal triggers the one- 
shot, and at the end of this one-shot pulse a D flip-flop 
samples the multiplex-input signal. 

If the signal is high, then the pulse is short (a syne 
pulse), and the Q output of the D flip-flop goes low. The 
flip-flop clears a short time (two gate delays) later, and 
the clock is reconstructed as short, negative-going 
pulses. If the multiplexed input is a data pulse, then 
when the D flip-flop samples at the end of the one-shot’s 
period, the signal will still be low and no pulse will 
appear at the reconstructed clock output. This recon- 
structed clock signal then serves as the input to a 
phase-locked loop, which includes another TIM9904A 
4-phase clock chip inside the loop. 

The PLL drives the ; output from the clock chip 
(again with an appropriate amount of lag) to a phase 
lock with the reconstructed clock signal. The loop’s 
VCO (74LS629) is operating at four times the clock 
frequency because of the divide-by-4 operation inherent 
in the OSCIN of the clock chip. Fig 7 shows the 
demultiplexer waveforms. 

If it’s desirable to recover the three data channels as 
individual frequencies, then the D flip-flop samples the 
multiplex signal at times determined by the rising edge 
of the various phases generated by the clock chip. You 
can express these frequencies as a ratio relative to the 
reconstructed clock, so it isn’t even necessary to use a 
crystal to control the transmitter as shown here. If you 
wish to reconstruct the analog voltages from the multi- 
plex signal, then use three more AD651 SVFC devices 
configured as frequency-to-voltage converters. 

The comparator inputs of all the devices are strapped 
together, and the positive inputs are held ata 1.2V TTL 
threshold; the multiplex signal drives the negative 
inputs. The various ¢ outputs of the clock chip drive the 
three clock inputs. Remember that data at the SVFC’s 
comparator input loads on the falling edge of the clock 
signal and shifts out on the next rising edge. Also, note 
that the frequency signals for each data channel are 
available at the frequency output of each VFC. 


Use SVFCs for isolators 


A very important application for a VFC involves 
analog-signal isolation: high-accuracy transmission of 
an analog signal across a barrier. To obtain such 
isolation, you convert an analog signal to a frequency 
and relay that frequency across a barrier, then convert 
the frequency back to an analog signal. Signal trans- 
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Fig 5—These waveforms of the multiplexer circuit in Fig 4 show 
that the sync pulse from the one-shot is present every clock cycle. The 
data pulses can occur no more frequently than every other clock 
cycle. 


mission is free of interference because it’s difficult to 
corrupt a high-amplitude binary signal. 

The barrier can be a physical one, such as distance. It 
can be an electrical one—for example, data transmis- 
sion across a large potential difference, or through an 
electrically noisy environment such as a factory floor. A 
pulse transformer or an opto-isolator can provide gal- 
vanic isolation; you can obtain extremely high voltage 
isolation or transmission through severe RF environ- 
ments by using a fiber-optic link. Finally, the barrier 
can even be time: You might wish to save data by 
recording the VFC’s frequency on magnetic tape. 

Often, it’s essential to have complete galvanic isola- 
tion between the analog signals being measured and the 
digital portions of the circuit. Or perhaps an analog 
measurement is what you want, but it’s inconvenient to 
add separate power supplies to a digital system. The 
5V-powered circuit in Fig 8 is a self-contained, com- 
pletely isolated analog-measurement system. The 
+15V regulated supply for the AD651 SVFC comes 
from a chopper and transformer. The chopper operates 
at 125 kHz; this frequency also serves as the SVFC’s 
clock frequency. The clock signal is relayed to the 
SVFC through the power transformer. 

Note the economy here: You don’t need a separate 
opto-isolator to relay the clock frequency to the SVFC. 
The frequency-output signal, relayed back down 
through an opto-isolator, latches into a D flip-flop. The 
chopper frequency, generated by an AD654 VFC, is 
divided by 2 to develop differential drive for the chop- 
per transistors and to ensure an accurate 50% duty 
cycle. The pull-up resistors on the D flip-flop’s outputs 
provide a well-defined high-level voltage to the chop- 
pers to equalize the drive in each direction. 

The 10-yH inductor in the 5V lead of the transformer 
primary is requisite to equalize any residual imbalance 
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the multiphase clock, and samples the multiplex signal. A PLL and a voltage-controlled oscillator drive a 4-phase clock, which in turn 


provides the clock signals to the three SVFCs. 
eet a ge SR ae ee ee ee Sey 


274 EDN November 13, 1986 


~<— MULTIPLEX INPUT 


~<— ONE-SHOT 


RECONSTRUCTED 
CLOCK 

<— 1 
(PHASE LOCKED TO 
RECONSTRUCTED 
CLOCK) 


Fig 7—One of the phases from Fig 6’s 4-phase clock is visible in this 
scope photo. You can see that this phase is synchronized to the 
reconstructed clock generated by the PLL and the voltage-controlled 
oscillator. 


The single digttal-output line of a VFC 
makes it an teal device for isolating the 
analog front end of a measurement system 
from a digital interface. 


in the drive on each half-cycle and thus prevent satura- 
tion of the core. The capacitor across the primary 
causes the system to resonate so that, under light 
loading conditions on the secondary, the wave shape 
will be sinusoidal and the clock frequency will still be 
faithfully relayed to the SVFC. 

You must adjust the chopping rate so it’s equal to the 
resonant frequency of the inductor and capacitor. Sim- 
ply disconnect any load on the secondary and tune the 
AD654’s frequency to the minimum value of the supply 
current drawn from the 5V supply. Note that a 4:1 ratio 
exists between the resonant frequency for the compo- 
nent values shown (500 kHz for 10 wH and 10 nF) and 
the 125-kHz chopping rate. This ratio exists because 
the capacitor isn’t connected directly across the induc- 
tor, but rather across the apparent inductance that 
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Fig 8—Providing complete galvanic isolation between the analog front end and the frequency output, this analog-measurement system 
relies on an opto-isolator for its input/output isolation. One 5V supply drives the digital side of the system, a transformer-isolated dc/de 


converter supplies the +15V rails needed by the SVFC. 
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results from the 2:1 step-up ratio produced by the 
autotransformer action of the center-tapped primary. 

The third suitable application for the SVFC centers 
around its use as an analog multiplier. Fig 9 shows a 
circuit that multiplies two analog-input voltages and 
simultaneously converts the product into a frequency. 
An asynchronous AD654 VFC provides the clock fre- 
quency for an AD651 SVFC; the frequency output from 
the SVFC is proportional to the product of the two 
voltage inputs. 

Such a circuit can be very useful for computing the 
power a source delivers to a load: You simply measure 
voltage and current and then multiply the two. Because 
the result is a frequency, all the usual advantages 
accrue. For example, the frequency can be transmitted 
as a binary signal to a remote location, or perhaps it can 
be galvanically isolated for high voltage safety. Also, a 
common system requirement is to integrate a product; 
performing this operation is particularly easy because 
counting pulses over a long period of time results in the 
integral of the signal. For instance, the calculation of 
total energy requires taking the integral of instantane- 
ous power. 

In Fig 9’s circuit, the AD654 produces a full-scale 
frequency of 500 kHz in response to a 10V input. The 
exclusive-OR gate (74LS86) then doubles the frequen- 
cy. This 1-MHz full-scale frequency serves as the clock 
input to the AD651, which then provides a full-scale 
output frequency of 500 kHz in response to a 100V’ 
input product. A 200-pF one-shot capacitor gives the 
final output frequency a pulse width of 1 psec to 
facilitate conversion into a voltage by another AD651, 
which is configured as a frequency-to-voltage converter 
having a 1-MHz clock frequency. 

Fig 10 shows the response of the multiplier to two 
sine-wave inputs. Note that each input is unipolar and 
has the form 1+sin(At) and an average value of half 
scale (6V; 10V/div). The output is also unipolar and has 
an average value of a quarter of full scale (2V/div). 


Provide good decoupling and grounding 


It’s good engineering practice to use bypass capaci- 
tors on the supply-voltage pins and to insert small- 
value resistors (10 to 100Q) in the supply lines to 
provide a measure of decoupling between the various 
circuits in a system. You should apply ceramic capaci- 
tors of 0.1 to 1 pF between the supply-voltage pins and 
analog-signal ground for proper bypassing of the 
SVFC. In addition, you should connect a larger, board- 
level decoupling capacitor (1- to 10-y~F value) on each 
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Fig 10—These waveforms depict the product of two dc-shifted sine 
waves. The bottom waveform is the product of the two top ones, each 
of which is a sine wave having an average value of the SVFC’s 
half-scale voltage. The inputs and the output are unipolar signals. 


power-supply line, relatively close to the SVFC. 

Such precautions are requisite in high-resolution 
data-acquisition applications if you expect to exploit the 
full linearity and dynamic range of the SVFC. Although 
some types of circuits may operate satisfactorily with 
power-supply decoupling at only one location on each 
circuit board, this approach is strongly discouraged in 
high-accuracy analog design. 

The AD651 incorporates separate digital and analog 
grounds to allow isolation between the high-precision 
analog signals and the digital section of the circuitry; a 
lot of noise can exist on the digital ground without 
affecting the accuracy of the SVFC. Such ground noise 
is inevitable when the IC switches the large currents 
associated with the frequency-output signal. 

At high speeds, it’s mandatory to use a pull-up 
resistor of about 5000 in order to make the rise time 
fast enough to provide well-defined output pulses. For 
example, with a 5000 pull-up resistor connected to a 5V 
logic supply, the open-collector output will draw 10 mA; 
such a large amount of switched current will surely 
cause ringing on long ground runs because of the 
self-inductance of the wires. The following illustrates 
the problem: A 20-gauge wire has an inductance of 
about 20 nH/in., and a current of 10 mA being switched 
in 50 nsec at the end of 12 in. of 20-gauge wire produces 
a voltage spike of 50 mV. The separate digital ground of 
the SVFC will easily handle this type of switching 
transients. 

A problem will remain, however, due to interference 
caused by the electromagnetic radiation generated by 
these fast transients. Typically, inductive switching 
transients produce voltage spikes; these spikes can 
capacitively couple to other sections of the circuit. 
Another problem, ringing in ground lines and power- 
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supply lines, is due to the distributed capacitance and 
inductance of the wires. Such ringing can also generate 
interference in sensitive analog circuits. 

The best solution to all these problems is to provide 
proper bypassing of the logic supply at the SVFC. You 
should connect a 1- to 10-wF tantalum capacitor directly 
to the supply side of the pull-up resistor and to the 
digital ground pin. The pull-up resistor should connect 
directly to the frequency output pin. The lead lengths 
on the bypass capacitor and the pull-up resistor should 
be as short as possible. The capacitor will supply the 
transient current, and large ac signals will flow in a 
physically small loop through the capacitor, pull-up 
resistor, and frequency-output transistor. 

It’s important that the loop be physically small for 
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When Joe Bruno heard we were famous for our custom work, 
he brought us his ’57 Chevy. 


Sorry Joe. 
It’s custom/semicustom VLSI. 


Joe had to go elsewhere for 
his chrome headers. But you 
dont. Not if you're looking for 
fast, reliable, cost-effective 
ways fo develop proprietary 
Circuits. 

Standard Microsystems has 
been doing great custom 
work since 1974. We've de- 
signed and built over 250 
MOSI/LSI/VLSI circuits for major 
companies, as well as the mil- 
itary. Today, our custom and 
semicustom circuits are being 
used all over the world in 
data and telecommunica- 
tions, computer peripherals, 
business machines, avionics 
and consumer products. 

We'll design, develop, 
process, assemble, test and 
manufacture fo your design 
specifications. Or set you up 


with everything you need to 
do the front-end design your- 
self. Then use your netlist 
database for automatic 
placement and routing, car- 
rying the process through 
masks, wafers, prototypes and 
production. 

Our standard cell design 
system includes a library of 
over 150 cells and we're 
adding new ones constantly. 
Many emulate 74LS logic 
functions. 

Just as important, our library 
incorporates complex macro- 
cells derived from our years of 
experience in data communi- 
cations and microprocessor 
peripherals. 


STANDARD MICROSYSTEMS 
eA 


Since our inception, 
Standard Microsystems 
has been at the leading 
edge of semiconductor tech- 
nology. Many of our circuits 
were industry firsts and have 
become industry standards. 
Weve applied our technolog- 
ical leadership to macro- 
cells, including RAM, ROM, 
core microprocessors, serial 
communications and many 
more. 

SO if you're looking for high- 
quality custom work with fast 
turnaround, reasonable cost 
and outstanding results, follow 
Joe Brunos lead. Bring your 
“baby” to Standard 
Microsystems. 

For more information, con- 
tact Standard Microsystems 
Corporation, 35 Marcus 
Boulevard, Hau pase NY 
11788. (516) 273-3100. 


THE NAME STANDARD GOES ON A LOT OF CUSTOM WORK. 
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Reason number one? Our simple-to- 
use high-performance design process 
works with every family of semicustom 
products we make. And we make several. 

Or, to be quite specific, you make 
several. Because our CLASSIC™ software 
puts you in control of your own designs. 
Whether your needs call for 2- or 3-micron 
gate arrays packing up to 10,000+ gates. 
Or something more. 

Like PLESSEY MEGACELL*" It’s your 


window to the future of ASIC. Achieving 


A number of 
Plessey your A 


designs to 25,000+ gates with full custom 
chip sizes and semicustom turnaround 
times. At performance levels to 100 MHz, 
much better than the 2-micron label 
implies. And right at your own workstation, 
in your own facility, using a comprehen- 
sive, interactive process that puts you in 
charge of every aspect of your design. 

And that’s just today. 

At Plessey, we’re committing more than. 
$300 million to ASIC alone. So you, the 


System Designer, can better define and 
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control how your system works in silicon. Swindon, Wiltshire, United Kingdom 


Now that you know there is no rea- SN2 2QW. In Brussels, Belgium (02) 
son to contact any other ASIC company, 7339730; Les Ulis, France (6) 4462345; 
contact us. And you're getting the one Munich, Germany (089) 23620; and Milan, 
manufacturer that stays with you from Italy (02) 390044/5. 


idea to completed circuit. Plessey. 
Call 1-800-321-0871. Or write to Plessey 
Semiconductors, 3 Whatney, Irvine, 
CA 92718. 


Outside the U.S. call SWINDON ; 


(0793) 36251. Or write to Plessey ASIC from thought to finish. 


Semiconductor S Limited, Cheney Manor, Plessey and the Plessey symbol are trademarks of the Plessey Company ple. 


FOR FREE ON-LINE INFORMATION, dial 1-800-345-7335 with any 80-column ASCII terminal or PC and a 300 or 1200 baud 
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The fuse you must use, now 


The New Buss PC-Tron Fuse: 


® 88% less board space 

® automatically insertable 

© board washable B= 350 n 

@ no clips (optional socket available) *““™ 

® obviously, dramatic economies in production 


® obviously, greater flexibility of design 
@ BUT IF THIS IS THE FUSE 
YOU'RE NOW USING, COMPARE: 


Field High | 
Replaceable Surface Performance/Cost | _ Interrupting 
(optional socket) Mountable Capacity 


BUSS PC-TRON™ 
FUSE 


SUBMINIATURE 
FUSE 


250V; /% amps to 5 amps; solder or socket connection; 
UL recognition pending. For details, samples and ap- 


plications assistance, call your local Bussmann Sales BUSSMANN 
Engineer. He’s one of a hundred on staff, so chances COOPER 

are good he’s nearby. Call (314) 394-2877. Bussmann 

Division, Box 14460, St. Louis, MO 63178. Circle 1 for PC-Tron information 


See PC-Tron at WESCON—Booths 2638/2640. Circle 40 for PC-Tron samples and information 
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- microvolt ¢ offset 
op amp 

LT1013 Dual precision op amp 
for single supply 
LET1017/18 36 pA dual compar- 
ators for 1.1V to 40V supplies 
LT1020 40 vA supply current, 
125 mA output, regulator with 
comparator and reference 


LT1032 Quad RS232/423 line 
driver with shutdown 
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precision or piperer ey 
For details on our entire 
micropower family, contact: 
LINEAR TECHNOLOGY 
CORPORATION, 1630 
McCarthy Blvd., Milpitas, 
CA 95305. (408) 942-0810. 
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DESIGN IDEAS 


EDITED BY TARLTON FLEMING 


Accurate ramp generator uses four ICs 


T G Barnett and J Millar 
The London Hospital Medical College, 
London, UK 


The ramp generator of Fig 1, an inexpensive alternative 
to commercial function generators, provides a more 
linear and repeatable output than conventional analog 
integrators. The circuit provides a triangle waveform in 
burst mode—in this case, two cycles (10.24 msec each) 
per input trigger pulse. 

IC, is a dual monostable multivibrator (one-shot) in 
which the A side is configured as a latch (see “Multivi- 
brator IC performs extra tasks,” EDN, September 6, 
1984, pg 232). The rising edge of each input pulse 
triggers the B side, producing at pin 9 an output pulse 
whose duration depends on the timing capacitor’s (Cr) 
value. (A 0.01-F value gives a 500-ysec pulse.) This 
output provides a reset to the A-side latch. 

While the latch is reset (Qa high, Qa low), the other 
three ICs are active: The P, through P; connections as 


PXO* 
600 kHz 


ZN435E 
(FERRANTI) 


Fig 1—This ramp generator produces multicycle bursts of a sawtooth waveform for each input trigger pulse. 


EDN November 13, 1986 


shown set oscillator IC2’s frequency to 50 kHz (pin 11). 
Counter IC; counts upward. The output (pin 11) of the 
multifunction converter (IC,) ramps up to full scale, 
reverses, ramps down to zero, and then repeats this 
sequence of events. As this output completes its second 
cycle, IC; reaches a count of 1024, causing the Q,; output 
to go high and toggle the IC, latch. The resulting 
change of state on Qa, and Qa resets the other three ICs, 
terminating further activity until the arrival of the next 
input trigger pulse. 

IC, is included for its synchronous-reset capability, 
and it therefore drives the internal clock of IC,, which 
cannot be synchronously reset. (IC; may be omitted in 
some applications.) The circuit operates from a 5V 
supply, and you can modify the output by changing 
IC.’s frequency and IC;’s output connection. EDN 
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IC, T1. 
CD4528BC 


T2, 


Ca 


Aa 


5 
Fade INPUT 
TRIGGER 


As 


*PROGRAMMABLE CRYSTAL 
OSCILLATOR, MODEL 301-858 
(INTERFACE QUARTZ 
DEVICES LTD, CREWKERNE, 
SOMERSET, UK) 


OUTPUT 
@ 
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High-voltage amplifier draws little current 


David Skurnik 
Micromx Inc, Los Gatos, CA 


The high-voltage amplifier (IC,) shown in Fig 1 can 
supply 0 to 2500V to a load, but it draws only a 210-pA 
max quiescent current. These features make the ampli- 
fier compatible with piezoelectric translators (for exam- 
ple), which require high-voltage excitation but consume 
no direct current. 

MOSFETs Q,, Q2, and Q; form a composite inverting 
stage, and Q,, Q;, and Q, form a composite source 
follower. Each of these circuits has a 3000V breakdown 
rating, because the separate MOSFETs have a rated 
1000V drain-to-source breakdown voltage. The follower 
stage provides a low source-impedance drive for the 
capacitive load as well as for the resistor string R; 
through R;. Transistor Q; provides short-circuit protec- 
tion by shutting off Q, in response to excessive load 


2500V DC © 


Vin 
(0 TO 2.5V) 


current in Ry. 

R,3 and Ry, provide feedback from the high-voltage 
output to the op amp’s noninverting input. (This feed- 
back is negative because the Q:-Q; stage is an inverter. ) 
R, and C, stabilize the loop by reducing the op amp’s 
high-frequency gain; C2 removes ringing from the am- 
plifier’s transient response. 

Time constants formed by gate capacitance and the 
10-M©Q biasing resistors slow the MOSFETs’ response 
to milliseconds, resulting in low bandwidth (300 Hz) as 
a penalty for low power consumption. This tradeoff is 
acceptable, however, when using the amplifier to drive 
piezoelectric translators, whose response is limited by 
the inertia of their mechanical loads. EDN 
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HIGH-VOLTAGE 
© OUTPUT 
(0 TO 2500V) 


ALL MOSFETs ARE BUZ50s. 
ALL RESISTORS ARE “%W. 


Fig 1—A high-voltage composite inverter and _ source follower combine with feedback to a low-level op amp to form a high-voltage, 


low-quiescent-current (210 pA) amplifier circuit. 
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¢ less than 1dB insertion loss over entire passband 

¢ greater than 40dB stopband rejection Ww Me 

¢ 5 section, 30dB per octave roll-off ae , 

¢ VSWR less than 1.7 (typ a = 4 8 | 


- over 100 models, immediate delivery 20, Box 166, Brookiyn New Ve N1oSe C15) 9844600 
° meets MIL-STD-202 Domestic and International Telexes: 6852844 or 620156 
¢ rugged hermetically sealed package (0.4 x 0.8x 0.4 in. CIRCLE NO 232 


¢ BNC, Type N, SMA available 


LOW PASS Model 


Min. Pass Band (MHz) DC to 60 98 
Max. 20dB Stop Frequency (MHz) | 19 70 90 Sa a AA: 2) 


Prices (ea.): P $9.95 (6-49), B $24.95 (1-49), N $27.95 (1-49), S $26.95 (1-49) 


HIGHPASS Model :KHP-| 50! 100 | 150 | 200! 300! 400! 500! 600| 700! 800| 900| 1000 
ee hi start.max.| 411 90 | 133 | 185 | 2901 3951 500| 600] 700| 780/ 910] 1000 
aoe Rend (iriZ) end. min.|200! 400 | 600 | 800 | 1200 | 1600 | 1600 | 1600 | 1800 | 2000 | 2100 | 2200 


Min. 20dB Stop Frequency (MHz) 26 55 95.53 ta Fee e+ S65, 17 460 15205). BVO 6607" “720 


Prices (ea.): P $12.95 (6-49), B $27.95 (1-49), N $30.95 (1-49), S $29.95 (1-49) 
for pins, B for BNC, N for Type N, S for SMA xample: PLP-10.1 C105 REV. B 


*Prefix | 
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Battery powers simple IR detector 


William H Schuette 
National Institutes of Health, Bethesda, MD 


Fig 1 illustrates a handy device for detecting the 
invisible IR radiation found in fiber-optics systems, 
position sensors, and TV remote-control units. The 
device is built on top of a 9V battery and held in place 
with RTV, and its power dissipation is virtually zero 
unless IR radiation or high ambient light is present. 


— 
(RED LIGHT) 


9V 
BATTERY 


Normal flourescent lighting is not a problem, but if 
necessary you can add an IR filter to the Q, detector to 
exclude ambient light. Exposing the detector to a 
strong light or IR source gives a quick check of the 


battery and the red LED. EDN 
To Vote For This Design, Circle No 748 
t—— A 
IR RADIATION 


D, IS AN 1D5531-UR 
Q, IS A 2N3638 
Q, IS A TRW 802 


Fig 1—This simple IR detector turns on a red LED when Q. 1s exposed to IR radiation. 


Reference operates from low supply voltage 


R Mark Stitt 
Burr-Brown Corp, Tucson, AZ 


The external components in Fig 1’s circuit let you 
operate the 10V zener reference (IC;) with a supply of 
12V or even less. Similarly, the bipolar-supply version 
of the circuit (Fig 2) generates —5V and +5V outputs 


using supply voltages as low as —5.5V and +6V. What’s 
more, these circuits offer improved line and load regula- 
tion because external transistors supply the load cur- 
rent (Table 1). 

The regulated outputs of both circuits lack short- 
circuit protection, however; that circuitry is bypassed 
to allow low-supply operation. The positive outputs 


TABLE 1—TYPICAL LINE AND LOAD REGULATION 
FOR REF101 WITH BUFFERED OUTPUT 


CONDITIONS 


11.5 TO 25V 
0 TO 20 mA 


PARAMETER 


LINE REGULATION 
LOAD REGULATION 


*10 UNITS MEASURED 
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STANDARD 
DEVIATION OF 
MEASUREMENTS* 


0.000014%/V 
0.000002%/mA 


NOMINAL VALUE 


0.000019%/V 
0.000004%/mA 
(0.04 ppm/mA) 
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~ Surface Mount Oscillators 


S 


1.5 TO 35 MHz FREQUENCY RANGE 


CMOS OR TTL COMPATIBLE 


CUSTOM IC CHIP, 
FEWER COMPONENTS, 
FEWER INTERCONNECTS 


OPTIONAL ENABLE/DISABLE 
WITH CMOS OR TTL 


PROPRIETARY AT STRIP 
CRYSTAL WITH EXCELLENT 
SHOCK PERFORMANCE 


45/55% SYMMETRY OPTIONAL 


Laeal for Automatic Placement — Motorola’s MSO Series 
oscillators are designed for placement with state-of-the- 
art pick-and-place automated assembly equipment and are 
available with either tape & reel or anti-static tube 
packaging. The MSO oscillator is vapor phase/wave solder 
reflowable. 


Product Features — Available over a frequency range of 
1.5 MHz to 35 MHz, with stability of +0.01% over the 
temperature range of 0°C to +70°C. Symmetry is 40/60% 
standard, with 45/55% optional. Compatible with either 
CMOS or TTL logic. 


5,000g Shock Rating — Uses AT strip crystals with 
mechanical shock performance greatly superior to that of 
conventional crystals — made by a proprietary process 
that avoids the edge faults, fractures, and weaknesses 
inherent to conventional processes. 


(AA) MOTOROLA 


from Motorola 


... the new industry standard | 


0.560” by 0.360” (14,22 x 9,14 mm) 
FOOTPRINT 


ANTI-STATIC TUBE 
:, PACKAGING OR 
5. 24 mm TAPE & REEL 


ERS 


POR PHASE/WAVE 
OLDER PROCESS 


oS 
7” REEL (300 PCS) OR 
13” REEL (1200 PCS) 


“C” LEADS STANDARD 0.125” (3,18 mm) SEATED HEIGHT 
“J” LEADS OPTIONAL 0.160” (4,06 mm) SEATED HEIGHT 


Motorola’s RASCO oscillator and the New 
Surface Mountable MSO 


A New Quality Standard — Even when compared to the 
industry standard RASCO clock oscillators, MSO Series 
oscillators have 59% fewer processing operations, are 
assembled in a class 100 clean room with completely 
automatic processing, have 37% fewer components and 
58% fewer interconnects. 


For additional information or for samples, contact 
Motorola Inc., Components Division, Data Clock Sales, 
2553 N. Edgington St., Franklin Park, IL 60131, or call (312) 
451-1000, Ext. 4835, FAX: (312) 451-7585 TWX: (910) 
255-4619 TELEX: 499-0104. 


See us at WESCON 
Booth No. 2052 


© 1986 by Motorola Inc. ), Motorola, RASCO and MSO are trademarks of Motorola Inc. 


Motorola Components Division is a broad-based supplier of quality components for the electronics OEM. For more information about specific product lines, contact: 
Quartz Bars / Carlisle, PA (717) 249-1456 » Data Clocks, TCXOs, Crystals, Filters, Memory Backup Batteries / Franklin Park, IL (312) 451-1000, Ext. 4835 
Piezo-Ceramic Speakers, Filters, Transducers, Displays / Albuquerque, NM (505) 822-8801 + Hybrid Circuits / Ft. Lauderdale, FL (305) 475-5000 
NiCd Batteries / Ft. Lauderdale, FL (305) 475-5000 + Printed Circuit Boards / Schaumburg, IL (312) 576-8468 
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TABLE 2—TYPICAL DROPOUT VOLTAGES 
FOR REFERENCE WITH 1-mA LOAD 
DROPOUT VOLTAGE 


OF UNMODIFIED 
REF101 


DROPOUT VOLTAGE 
OF REF101 


TEMPERATURE WITH BUFFER 


+125°C 


TABLE 3—TYPICAL DROPOUT 
VOLTAGES FOR LOW-VOLTAGE 
DUAL-SUPPLY REFERENCE 


NEGATIVE SUPPLY 
DROPOUT VOLTAGE 
(2-kQ load, V+ =7V) 


POSITIVE SUPPLY 
DROPOUT VOLTAGE 


TEMPERATURE (5-kQ load, V- =6V) 


—55°C 
—25°C 
+25°C 
+85°C 
+125°C 


have no negative driver, so their current-sink capability 
is about 2 mA max. In addition, the Fig 2 circuit 
configuration adds about 1.1 ppm/°C of drift: 1-ppm 
tracking error contributed by IC,’s internal precision 
resistors (pins 1, 6, and 8), and 0.1 ppm of Vos drift in 
the op amp. 

In Fig 1’s circuit, transistor Q; operates as an emit- 
ter-follower, supplying load current as required. Zener 
diode D, provides a positive level shift for the signal to 
Q,’s base, allowing IC,’s internal-amplifier output (pin 
5) to remain within its operating range. This additional 
headroom lets the circuit operate from a low supply 
voltage (Table 2). To assure loop stability, capacitor C, 
provides a low-impedance ac-feedback connection be- 
tween IC,’s output and its feedback terminals (pins 5 
and 6, respectively). 

In the bipolar-supply version, the same type of circuit 
provides the +5V output. In addition, op amp IC, 
transistor Qs, and associated components form a com- 
posite FE'T-input amplifier in which the collector of Q» 
supplies the —5V output’s load current. For external 
regulation of the —5V output, the reference’s 10.0V 
output (between pins 4 and 6) is divided in half by the 
precision voltage divider between pins 6 and 1. IC; 
forces the divider’s output node (pin 8) to 0V, which in 
turn forces the negative reference output to —5V. 

Capacitor C2 adjusts the amplifier’s dominant pole to 
compensate for additional gain contributed by transis- 
tor Qs. In addition, the 2-kO minimum load of R; helps 
to assure loop stability by limiting the gain of Qo. Table 
3 lists minimum supply (dropout) voltages for the 
bipolar reference of Fig 2. EDN 
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8 


2 
10V OUT 


IC, 
REF101 


Fig 1—External circuit components buffer the 10V reference output 
of IC',, allowing the reference to operate with a supply voltage of 12V 
or less. 


SB REFION 

MIEI60 
Rs 
100 


Fig 2—By buffering the output and common of a 10V reference 
(IC 2), this circuit generates regulated —5V and +5V outputs. Supply 
voltages may range as low as —5.5V and +6V. 
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eee pees” 


Creative solutions from the General. 


WHO DELIVERS 


PWMSS IN CERAMIC 


PLASTIC AND 
SURFACE MOUNT? 


THE GENERAL DOES. 


Isn't that 
just what you 
Bee |) would expect 

ew from the inventor 
of the pulse 
width modulator’? 
Now we are in the third generation 
of PWMs with a truly broad line. Fourth 
generation parts are on their way. 
The General processes PWM'’s to 8838, 
Rev. C and Class S. All standard package types 
are offered including SOIC, LCC, and PLCC. 
All parts are available on short lead 
times. Sample quantities for evaluation pur- 
poses can be shipped immediately. 


Built in QPL Plant. 

You are assured quality. MIL-M-38510 
approval has been granted for our plant 
to produce JAN parts. JAN products include 
the MIL-M-38510/10103 BGA and the 
MIL-M-38510/13001 BEA. 


A PRODUCT MATRIX TOBUILD BY. Procedures devel- 


oped by Silicon 
General to achieve 
this status include 
quality assurance, 
testing, burn-in, 
careful assembly 
and fabrication 

sci) | sain ——'|:- programs and 
‘available Dec. 1986 other elements 
of high reliability manufacturing technology. 


ieee, Te neat ciceaiiatnnd “Ueahiidie te Leds 


New catalog available. 

Ask for your free copy, please address 
Silicon General, 11861 Western Ave., Garden 
Grove, CA 92641. Phone (714) 898-8121. 
TWX 910-596-1804. FAX (714) 893-2570. 


SILICON 
GENERAL 
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Resistors provide nonlinear pot tapers 


Mark Rumreich 
RCA Corp, Indianapolis, IN 


For some applications of nonlinear potentiometers, you 
can avoid the expense of a custom potentiometer by 
adding fixed resistors to a conventional linear potenti- 
ometer. For the variable-resistor or rheostat mode, an 
external resistor (R’ in Fig la) gives you the curves of 
Fig 1b. Note that varying a also varies the maximum 
resistance (R+R’). For convenience, all values of the 
variable resistor are normalized by R+R’. 

For the voltage-divider mode of operation, you can 
add two resistors (Fig 2a). Fig 2d shows the relation- 
ship of the normalized wiper voltage (Vou7/Vin) to the 
wiper position for the case B=0.5, in which R,;=Rz. 


NORMALIZED RESISTANCE 


(a) 


0 0.1 0.2 
(FULL CCW) 


Note that the curves’ point of intersection equals 8, 
which you can shift from 0 to 1 by changing the values 
of R; and Ry. Note also that such a shift changes the 
circuit’s loading effects. 

Figs 2b and 2c show the voltage divider’s behavior 
for the cases B=0 and B=1. (Interpret B=0 to mean 
that R, is omitted; B=1 means Ry» is omitted.) The 
combination a=5 and B=1, for example, provides an 
excellent modified log with 20% taper (20% taper means 
20% of maximum resistance at 50% of the wiper travel). 
The combination a=10 and B=1 provides a reasonable 


approximation of a semilog (audio) taper. EDN 
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0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 
(FULL CW) 


WIPER TRAVEL 


Fig 1—Adding R’ to linear potentiometer R (a) results in a nonlinear relationship (b) between the normalized resistance and the wiper 


position. 
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1.0 
Vin 0.9 
Ro 
ieee Wess 08 
CW 
LB) 
Nene eh vid 
R, R, ~ Ro z 
= 66 
= 
3 
R Vout > 05 
0.4 
Re 
CCW 0.3 


e 
o 
— 


0 Or 02.203" 04° 205. 06. Of. “08-0932 t4) 
(FULL CCW) WIPER TRAVEL (FULL CW) 


(a) (b) 


Vout / Vin 
Vout / Vin 


0 0.4: O28 Oe 045 OS 6 Oe “OR oOo ae 0 Ot F022 08-2 0:4: 05 22 M6. OF OCB OS EG 
(FULL CCW) WIPER TRAVEL (FULL CW) (FULL CCW) WIPER TRAVEL (FULL CW) 


(c) (d) 


Fig 2—You can make a nonlinear voltage divider (a) by adding resistors to a linear potentiometer. The curves in b, c, and d show respective 
results for the three cases B=0 (omit R,), B=1 (omit R.), and B=0.5 (R,=R.,). 
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Design Entry Blank 


$75 Cash Award for all entries selected by editors. 
An additional $100 Cash Award for winning design 
each issue, determined by vote of readers. Addition- 
al $1500 Cash Award for annual Grand Prize Design, 
selected among biweekly winners by vote of editors. 


To: Design Ideas Editor 
EDN 
Cahners Publishing Co 
275 Washington St, Newton, MA 02158 


| hereby submit my entry for 
EDN’s Design Ideas program. 


Name 


Title ____ Phone 


Company 
Division (if any) 
Street 

City 

Design Title 


Home Address 


Social Security No 


Entry blank must accompany all entries. Design 
entered must be submitted exclusively to EDN, 
must be original with author(s), must not have been 
previously published (limited-distribution house 
organs excepted), and must have been constructed 
and tested. 

Exclusive publishing rights remain with Cahners 
Publishing Co unless entry is returned to author or 
editor gives written permission for publication else- 
where. 

In submitting my entry, | agree to abide by the 
rules of the Design Ideas Program. 


Signed 
Date 


Your vote determines this issue’s winner. All designs 
published win $75 cash. All issue winners receive an 
additional $100 and become eligible for the annual 
$1500 Grand Prize. 


Vote now, by circling the appropriate number on 
the reader inquiry card. 


Submit your own design, too. Mail entries to De- 


sign Ideas Editor, EDN, 275 Washington St, Newton, 
MA 02158. 


“Patent Pending 


= al 
saving fe cost 
rg eX axa 


Ss 
20 : AMERICAN 
is 
availaDle pie versi° DESIGNED 
Oo Hep! AND MADE 


Call or write for your free 
copy of AUGAT RDI's new full- 
line catalog, showing our extensive range 
of Terminal Blocks and SNAPTRACK™ Flat Cable 
Connector, Relay & Timer Socket Assemblies. 


For samples and quotations 


S00-682-REED 


call ee : 
In Illinois 1-312-682-4100 


AUGAT V7 =) 


Quality and Innovation 


REED DEVICES INC., 525 Randy Road, Carol Stream, Illinois 60188 
— Tel. (312) 682-4100 TWX 910-252-2118 
_ In Canada: AUGAT Electronics, Inc., Missisauga, Ontario, 
Tel. (416) 677-1500 
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The smart 
scope 


In performance, price and ease- 
of-use our new PM3050 family of 
50 MHz oscilloscopes is truly incom- 
parable. Behind a logically layed-out 
front panel there’s a level of techno- 
logy never before attained in MF 
scope design. Yet surprisingly, they 
are the lowest priced MF scopes on 
the market! 


Take a look at these unique bene- 
fits: 
= AUTO-SET facility and LCD Status/ 
Setting panel for optimal signal setting 
and instant display of all signal para- 
meters. 


= Extremely high performance and 
specification thanks to special features 


like:16kV CRT unit, versatile thnggering 
functions up to 100 MHz, plug-in system 
modularity and extensive use of IC 
microelectronics. 


ere Z g z Z 


Test the differe 


™ Product Credibility in technology, 
technique, quality and service be- 
cause the PM3050 family is backed 
by the vast corporate resources of 
one of the world’s largest electronics 
companies. 


Test the difference and you'll also 
agree that Philips wins on price and 
performance! 


Write to: Philips I & E, T & M department, Building 
HKF70, 5600 MD Eindhoven, The Netherlands or call 
your local supplier: Austria (222) 629141-0; Belgium (2) 
5256692/94, Denmark (1) 572222; Finland (0) 5257225; 
France (1) 48301111; Germany (561) 5010: Great Britain 
(0223) 358866; Ireland (1) 693355; Italy (39) 36351, 
Netherlands (40) 782808, Norway (2) 680200; Portugal (1) 
683121, Spain (1) 4042200; Sweden (8) 7821800: 
Switzerland (1) 4882211 


. 
s 
= 
pa 
= 
4 
s 


PHitips| rest & 
Measurement 
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Some companies are better at making promises than 
they are at making controllers. 

Fortunately, Adaptec offers a real alternative. Real 
SCSI products. Including high-performance SCSI controller 
boards, chip sets, tape controllers, host adapters and more. 
All of the highest quality. And all available in volume. 

In short, youll find a full line of SCSI solutions for 
all kinds of applications. From Macintosh"computers to 
multi-user, multi-tasking supermicros. Of course, our SCSI 
controllers work with all kinds of drives, too. From ST-506 
to ESDI to ESMD. 

But then, coming from the creators of SCSI, that hardly 
comes as a Surprise. 

You see, we have a history of industry firsts. Including 
the first non-interleaved SCSI controller. The first 2,7 RLL 
SCSI controller. The first multithreaded SCSI controller. 

And, now, were the first to offer a system solely for 
debugging, testing and qualifying SCSI products. Aptly named 
the SCSI Development System. 

To find out more about our complete line of SCSI 
products, call us at 408-432-8600, ext.400. Or write Adaptec, 
Marketing Department (TH), 580 Cottonwood Drive, 
Milpitas, CA 95035. 

Because there’s no substitute for the real thing. 


adaptec 
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Stanley’s new generation of LEDs, 

LCDs and display units are designed 

to shine with all of the color and 

luminous splendor of the Polar Lights. 

Stanley’s always been known for wide variety 

in LEDs and LCDs. And for brightness... our 

red LED is the world’s brightest. Now we're going 


to be known for color, brightness and variety side by side, 


and so are you when you put these colorful and bright 
new design to work for you. 


@ Stanley Dot Matrix LCD Module for Graphic @ Stanley Dot Matrix 
Displays 

Compact, lightweight and thin, this clear high- 

contrast display packs plenty of graphic information 

into your handheld computer, message display 


equipment, or word processor. 


performance module 
characters. All control, 
are executed by an on- 


E2 
rt 


@ Stanley DN304 Ultra-High Power Infrared LED 
Features ultra-high radiant power (GaAlAs type), 
850nm peak wavelength, and ultra-high-speed 
response. The wide directivity characteristics 


(AG =35 degrees) enable wide-angle radiation. 80mW/sr). 


STANILE Y 


ELECTRIC CO.,LTD. 


Electronic Equipment Export Section 

2-9-13 Nakameguro, Meguro-ku, Tokyo 153, Japan 
Telephone: (03) 710-2557 Facsimile: (03) 792-0007 
Telex: 2466623 SECTOK J 


See us at Wescon ’86, 
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Full alphanumeric capacity is provided by this high- 


@ Stanley DN305 Ultra-High Power Infrared LED 
GaAlAs type LED with 850nm peak wavelength, 
ultra-high-speed response and narrow directivity 
(AG=15 degrees). High radiant intensity (I,= 
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LCD Module @ Stanley Large-Sized LED Graphic Display Unit 


For words and pictures that make a moving display 
that is big-as-life, these units are X-Y stackable in 
units of 16 x 16 dots. 


with 5 x 7 dot matrix 
refresh and display functions 
board driver. 


Stanley Hi-Super 

Bright LED 
These are the world’s 
brightest LED. Continuous 
Liquid Phase Epitaxial Growth Technology produces 
the aurora-bright intensity of 3000mcd for all your 
outdoor displays. 


Stanley LED/LCD Agents Overseas @ DENMARK/DITZ SCHWEITZER A-S Tel: 02-453044 Telex: 
33257 @FINLAND/TELETEKNO OY Tel: 0-717566 Telex: 122124 ®FRANCE/A. JAHNICHEN & C* 
Tel: 387-59-09 Telex: 290714 @FRGERMANY/ELITE ELEKTRONIK UND LICHT GMBH & CO. KG 
Tel: 08094-18152 Telex: 527353 @BENELUX/LOHUIS LAMPEN BY. Tel: 01606-2651 Telex: 54145 
®SWEDEN/AB BETOMA Tel: 08-820280 Telex: 19389 @SWITZERLAND/DEWALD AG Tel: 
01-4827711 Telex: 815200 @® UNITED KINGDOM/STC MERCATOR Tel: 0493-844911 Telex: 975441 
@CANADAIDESKIN SALES Tel: 416-475-1412 Telex: TWX610-492-5113 ®US.A/JAC. INTERFACE, 
INC. Tel: 714-841-6090 Telex: 655328 
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Mail coupon to: 
CMOS IC Reprints 
EDN Magazine 
Cahners Building 
275 Washington Street 
Newton, MA 02158-163 


Please send copies of 


A Designer’s Guide to CMOS ICs 
(92 pages) 


L} $6.95 UPS 


CL) $8.95 non USA 
(BANK DRAFT ONLY) 


Check or money order made out to 
EDN REPRINTS must accompany 


each order. No COD. Mass. 
residents add 5% sales tax. 


Please print clearly. 
This is your mailing label. 


EDN November 18, 1986 
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There's a high quality PANDUIT cable tie engineered for your 
particular need. With the industry's most complete line, you always 
have the best answer with Panduit. 


Many Different Types: 
Ties, clamps, push mount ties, 
marker ties, lashing ties, releasable ties, specialty ties. 


Many Sizes: 
¥4" to 12" bundle diameter; or as long as you need in stainless steel. 
18 Ib. to 300 Ib. in loop tensile strength. 


Widest Variety of Materials: 
Natural nylon... For general industrial use. 
Heat stabilized nylon... For high temperatures up to 221° F. 
Polypropylene... For adverse chemical environments. 

Weather resistant polypropylene. ..For outdoor applications. 
TEFZEL’...For extremely high temperatures up to 302° F; resistant to 
adverse chemicals and radiation. 

Stainless steel... The ultimate in strength, high temperature capability, and 
resistance to chemicals. 

When you select PANDUIT cable ties matched to your application, you take 
the most important step to lowering your installed cost. 


GESCON'Boot 
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=r Electricity is Used 


Park, IL 60477-0981 ¢ Phone: (312) 532-1800 
nada: Panduit (Canada) Limited 
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__YOUKNOWITCAN__ 
BECOMEAREALITY.__ 


YOU JUST NEED THE 


RIGHT TECHNOLOGY. | 


ITTAKESIS... 
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Creating high-performance 
innovations takes vision...and the 
right technological partner. 

Vision separates what might 
have been... from what will be. 

You won't find a more capable, 
responsive, or technologically 
advanced partner than Honeywell. 


©1986, Honeywell Inc. 
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High-performance bipolar, 
CMOS, and GaAs ASICs, 
including rad hard products, 
that only a breakthrough 
leader can provide. 

Honeywell delivers high- 
performance ASIC technology 
that works. 

Custom and semicustom. 

Small quantities and large. 

Fast. Efficient. On time. 


Only Honeywell is producing 
20K CMOS and 8K bipolar and 
2K GaAs gate arrays—the most 
powerful devices available today. 

With the only facilities in place 
for 1.25-micron CMOS, bipolar, 
GaAs and rad hard production. 

_We're providing innovators 
with the working tools for high- 
performance breakthroughs. In 
computers, communications, VHSIC- 
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insertion projects, military and 
commercial use of space, and more. 
Honeywell...meeting 
today’s needs, anticipating 
tomorrow’s challenges. 
We've committed the resources 
to break the sub-micron barrier. 
Ensuring a smooth evolution to 
your next generation systems. 
Honeywell will help you achieve 
your dreams, today...and tomorrow. 
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Explore the 
potential. 
Send for our 
free brochure 
today: 
Honeywell Digital Product Center, 
1150 East Cheyenne Mtn. Blvd., 
Colorado Springs, CO 80906. 
800-328-5111 (ext. 3413). 


HONEYWELL... 


THE RIGHT 


PARTNER. 


Unique capabilities have 
made Honeywell one of today’s 
premier ASIC manufacturers. 

As a result of our success in 
bipolar VHSIC Phase 1 and 2 
programs, we're delivering the 
highest-performance, highest-density 
ASIC products available today. 

In drawn geometries from 
1.25 to 5 microns. 

From 1,000 to a super-dense 
20,000 gates. 


Bipolar 

High-density gate arrays 
featuring user-portable CAD 
software support. 

Built-in scan testability. 

Cltra-fast 210ps current- 
mode-logic (CML) for your 
high-performance 
computing applications. 

CMOS 

ASIC products featuring 


exclusive B.E.S.T.™ testing 
methodology. 


TECHNOLOGICAL 


Rad Hard 

Gate arrays and memories 
developed to meet stringent military 
hardness specifications. 

10° Total Dose. 109 Prompt 
Gamma Upset. Hardened to Single 
Fvent Upset. Zero Latch-Up. 3500 
gates. 400ps-bipolar. 2ns-CMOS. 


Gallium Arsenide (GaAs) 
Total capability must include 
GaAs as a technology alternative. 


And macro functions optimized And Honeywell has. 


for your most advanced-performance 
systems applications. 

32-bit add time of 8ns. 

5-port register file read 
time of 7.5ns. 


From applications in 
supercomputers, communications, 
and space. 

Our HGG2020 with 2,000 gates 
is the industry's densest GaAs ASIC. 


HC20000 CMOS Gate Array 

L} 20,000 equivalent logic gates 

LJ B.E.S.T.™ built-in self test 

L] 400ps 2-input-NAND gate delays 

L) 238 LSTTL or CMOS 
compatible I/O 

L] 284-pin PGA or TAB packaging 


HE8000 Bipolar Gate Array 

L] 8,000 equivalent logic gates 

[] 210ps OR/NOR gate delays 

CL) 188 ECL 10K/100K 
compatible I/O 

[| Built-in set-scan testability 

[] Speed/power programmable 
macrocells 

LJ 235-pin PGA package 

L] 6W typical power dissipation 


B.E.S.T. is a trademark of 
ETA Systems, Inc. 


Advanced 
Technology/Foundry 

Honeywell is the first VHSIC- 
approved manufacturer to offer 
custom devices using commercially 
available compilation technology. 

Complete foundry services to 
produce your most advanced 
products utilizing 1.25-micron 
CMOS or bipolar technology. 

Incorporating high-speed, 
high-density megacells for 
optimum performance of 
specific applications. 


Packaging 

Innovative high-performance 
packaging that adapts to cost- 
effective volume production. 

Highlighted by the 
highest pincount TAB package 
commercially available—284 pins. 
And MICROPAK™, our exclusive 
ceramic multi-chip carrier. 


We'll work with you to 
make advanced technology a 
productive reality. 

We provide system 
applications, CAD, military 
screening, test, assembly, and 
production for high-performance 
ASIC projects. 

With user-portable CAD. Class 
10-clean rooms. Level B and S 
screening capabilities. And twenty 
years systems experience. 

Honeywell...the right 
technological partner, always a 
step ahead of your high-performance 
ASIC needs. 


Together, we can find the answers. 


Honeywell 
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COLOR WORKSTATION 


@ Features four color planes 
@ 71M-byte hard-disk drive, 5M 
bytes of memory 


The 4-plane VAXstation II/GPX 
color workstation features a 
MicroVAX computer and a floating- 
point processor. The workstation 
also includes a pedestal enclosure, 
5M bytes of memory (expandable to 
16M bytes), a 71M-byte hard-disk 
drive, a 95M-byte streaming-tape 
drive, an Ethernet controller, a 
mouse, and a keyboard. Also in- 
cluded are an operating-system li- 
cense (Ultrix-32m or MicroVMS), a 
workstation software license 
(MicroVMS Workstation Software 
or Ultrix-32w), and a 4-plane graph- 
ics coprocessor. A 19-in. B&W or 
color monitor provides 1024 x864- 
pixel resolution. $25,995. 

Digital Equipment Corp, 146 
Main St, Maynard, MA 01754. 
Phone local office. 

Circle No 351 


GRAPHICS TERMINALS 


@ Includes features of the 4107 Se- 
res 
@ Displays 16 colors from a palette 


of 64 


The 4200 Series comprises three col- 
or-graphics terminals: the 4205, 
4207, and 4208. The 4205 model is an 
entry-level graphics terminal that 
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includes such local graphics capabil- 
ities as zoom and pan. The 4207 
includes all the features of the com- 
pany’s 4107, but costs less than the 
4107. The 4208 includes video out- 
put and a larger memory than the 
4207’s. The terminals are all com- 
patible with the DEC VT-100. They 
can display graphics in 16 colors 
from a palette of 64 colors. Pixel 
resolution is 480X360 for the 4205 
and 640x480 for the 4207 and 4208. 
All the terminals spec a 60-Hz non- 
interlaced refresh rate. An optional 
3-button mouse plugs directly into 
the keyboard. You can also connect a 
tablet to the 4207 and the 4208. 
These terminals can send output to 
the company’s 469x Series color ink- 


jet printers, 468x Series video-out- 
put monochrome copiers, and 4510A 


color-graphics rasterizer. 4205, 
$2495; 4207, $3995; 4208, $4995. 
Tektronix Inc, Box 1700, Beaver- 
ton, OR 97075. Phone local office. 
Circle No 352 


ASIC LIBRARY 


@ For analog, digital, and mixed 
arrays 
® Includes semicustom components 


This design kit simplifies the task of 
developing this company’s analog, 
digital, and combination analog-dig- 
ital semicustom arrays. You can use 


the kits to design Monochip, Macro- 
Continued on pg 309 
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PERFORMANCE BY 
ANALOG 


In the past, if you needed a high 
performance BiFETop amp, you were 
forced to pay significantly more or com- 
promise your design with a commodity 
part. 

But now, with Analog Devices’ new 
family of BiFETop amps, the high-speed 
AD711 and low-power AD548, you can 
get performance at an affordable price. 

They are described in more detail 
in the Analog ad that appears on the 
following page. Compare them to the 
411/44] series. You'll discover high 
performance doesn’t necessarily mean 
high price. 

And, remember that the new BiFETs 
are just a few of our hundreds of innova- 
tive components, all aimed at making 
it easier for you to design signal proces- 
sing subsystems. 

For more information, call your 
nearest Analog Devices, Inc. Sales 
Office. Analog Devices, Inc.: Austria 
(222) 885504; Belgium (3) 237 1672; 
Denmark (2) 845800; France (1) 4687- 
34-11; Holland (1620) 81500; Israel 
(052) 28995; Italy (2) 6883831, (2) 
6883832, (2) 6883833; Japan (3) 263- 
6826; Sweden (8) 282740; Switzerland 
(22) 315760; United Kingdom (01) 
9410-466; West Germany (89) 570050. 


ANALOG 
DEVICES 
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ot long life and — 


Thousands of 
engineers have 
found our previous © 
catalogs to be their 
ideal reference books 
for high-quality, long-life 
capacitors. 

This new edition is the 

best yet. 
Not just a catalog, its a 
- complete applications encyclopedia, 
with all the facts and all the help you 
need, attractively and professionally 
laid out. 

The technical data and performance 
claims are conservative and guaranteed - 
RIFA gives you promises, not wishes. 

lf you need Electrolytic, Metallized Paper, 
_RFl and RC Units, Metallized Polyester, Precision 
Polypropylene and Polystyrene, Pulse and Power 
Snubber Capacitors for example, send for your copy of 
the RIFA 1986 Capacitor Catalog. 
Design RIFA into your — and you design ina f 


Clayton D riv ‘ 
i 0 1412/496 | 
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chip, analog CMOS, and digital 
CMOS cell arrays. Included in the 
kits are design manuals that de- 
scribe the technology used by each 
array, and predesigned circuits. 
The kit also furnishes actual compo- 
nents, which you can use for circuit 
verification. $249. 

Ferranti Interdesign, 1500 Green 


Hills Rd, Scotts Valley, CA 95066. . 


Phone (408) 438-2900. 
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LADDER-LOGIC TOOL 


e@ Features device font libraries 
e@ Lets you reuse sections already 
drawn 


PCL Ladder helps you draw ladder 
logic. You can use the package’s 
matrix-layout system and graphic- 
device symbols to draw and edit 
ladder diagrams. The package’s de- 
vice-shape libraries enforce uni- 
formity of drawing style. Its graph- 
ic-editing features include insert, 
delete, move, and copy. The soft- 
ware also documents the wire data. 
To run this package, you need an 
IBM PC with 256k bytes of memory 
and a CGA card. It sends output to 
dot-matrix printers. $495. 

Simon Industries Inc, 2901 E 
Hoover St, Orange, CA 92667. 
Phone (714) 639-9436. 
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AUTOROUTER 


®@ Can route diagonally 
® Completes 93 to 98% of a board 


Because the DC/Autorouter II can 
route diagonally, it can increase in- 
terconnection densities compared 
with orthogonal routers. The auto- 
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router typically completes between 
93 and 98% of a pc-board layout. The 
software handles variable pad sizes 
and trace widths, along with off- 
grid placement of pads and vias. 
You can now exclude areas on indi- 
vidual layers or all layers from auto- 
matic routing. You can also choose 
to distribute routes evenly across all 
layers or bias the distribution to 
increase trace density on outer lay- 
ers. Before, during, or after run- 
ning the autorouter, you can route 
critical traces manually. The pack- 
age can route power planes and as 
many as 16-layer boards. Boards can 
be as large as 32X32 in’. The pack- 
age includes a rat’s nest display gen- 
erator and a design-rule checker. 
$2450. 

Design Computation Inc, 10 
Frederick Ave, Neptune, NJ 07753. 
Phone (201) 922-4111. TWX 510- 
601-8352. 
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PEN PLOTTER 


@ Plots C and D size drawings 
@ Plotting rate of 15 ips 


The Draftpro 7570 plotter generates 
plots in Al and A2 metric sizes and 
in C and D sizes. The plotter can 
interface to the Apple Macintosh, 
the IBM PC, the HP Vectra PC, and 
compatible personal computers. 
Using the plotter, you can make 
multicolor drawings on paper, vel- 
lum, or polyester film. The device 


WE MAKE 

PERFORMANCE 
BIFETS 

AFFORDABLE. 


Analog Devices’ new AD711 and 
AD548 BiFET family of op amps 
delivers performance at an affordable 
price. 

The AD711 is the fastest settling 
monolithic BiFETavailable, settling 
+ 0.01% typically in under 1 sec. It 
also offers excellent DC precision with 
low input current, offset, and drift. 

Where low power and precision are 
required, try our AD548. 

Both the AD711 and AD548 are 
available as duals and are packaged in 
plastic miniDIPs, CERDIPs, and her- 
metic T0-99 metal cans. Also available 
is a third grade featuring even greater 
performance. 

For more details, call your nearest 
Analog Devices, Inc. Sales Office. 


Single Dual 

AD7IIJN AD7IIKN AD712JN AD712KN 
Input Bias 
Current 50 50 75 75 pA 
Input Offset 
Voltage 2.0 0.5 3.0 10 mV 
Input Offset 
Voltage Drift 20 10 20 10 pVv/°C 
Typical 
Settling 


Time to 0.01% 1.0 1.0 1.0 1.0 [ls 


Single Dual 
AD548JN AD548KN AD648JN AD648KN 


Input Bias 
Current 20 10 20 10 pA 


Input Offset 
Voltage 2.0 0.5 2.0 1.0 mV 


Input Offset 
Voltage Drift 20 5 20 10 pV/°C 


Quiescent 
Current 200 200 400 400 pA 


I,, is 100% tested and guaranteed in the warmed-up state. 


ANALOG 
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EDN REPRINTS 


A Designer’s Guide to: 


CMOS ICs 


As featured in EDN Magazine 


A Designer’s Guide 
to CMOS ICs 


CMOS is fast becoming the chosen 
technology for developing integrated 
circuits. That’s because CMOS ICs 
are able to implement ultra-complex 
system-level functions on a chip! 
Now you can meet the special 
challenges posed by this new breed 
of ICs with A Designer's Guide to 
CMOS ICs. You'll learn the advanced 
design and fabrication techniques 
required. Plus the latest linear and 
digital CMOS ICs available. 


Mail coupon to: 


EDN Reprints 

EDN Magazine 

Cahners Building 

275 Washington Street 
Newton, MA 02158-1630 


A apa Guide to: 
Semicustom | 
Integrated Circuits 


A Designer’s Guide 
to Semicustom 
Integrated Circuits 


Learn how to design a semicustom 
IC with A Designer’ Guide to Semicustom 
Integrated Circuits. Based on EDN’s 
own design experience, this nine- 
chapter booklet outlines the com- 
plete procedure used to design, 
fabricate, and test EDN 1, a chip 
with a 1200 equivalent-gate com- 
plexity. You'll not only learn the 
steps to take when creating ICs, but 
also the designicost analyses and 
vendor-interface methods that lead 
to successful semicustom chips. 


Innovative _ 
Linear Circuits 


As featured in EDN Magazine By Jim 
Williams 


A Designer’s Guide 
to Innovative Linear 
Circuits 


As exciting as digital technology is, 
you still need analog circuitry to 
operate on signals from real-world 
sources. Now, EDN is offering a 
wealth of analog design informa- 
tion in A Designer’s Guide to Innova- 
tive Linear Circuits. This 186-page 
collection of articles was developed 
by Jim Williams, one of America’s 
foremost linear-circuit designers. It 
includes practical and efficient ways 
to use op amps, comparators, data 
converters, and other analog ICs, 
and discusses the theories behind 
all the design techniques presented. 


Please print clearly. This is your mailing label. 


NAME 


Please send the following Designer’s Guide(s): 


TLE 


copies of A Designer’s Guide to CMOS ICs 


L}$ 6.95 UPS LU) $10.95 non USA 


(BANK DRAFT ONLY) 


_____copies of A Designer’s Guide to Semicustom Integrated Circuits 


COMPANY 


L1$ 6.95 UPS CJ $10.95 non USA 


(BANK DRAFT ONLY) 


ADDRESS 


copies of A Designer's Guide to Innovative Linear Circuits 


LI $14.95 UPS UO $19.95 non USA 


(BANK DRAFT ONLY) 


CITY 


Check or money order made out to EDN REPRINTS must accompany each 


order. No COD. Mass. residents add 5% sales tax. 
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plots at 15 ips. Mechanical resolu- 
tion is 0.0005 in.; accuracy is within 
0.2%. The plotter can draw a full 
buffer of vectors in one color before 
proceeding to another color. Its 
8-pen carousel holds and automati- 
cally caps pens. Pens are available in 
a variety of colors and in both liquid 
ink and fiber tips. An HP-IB inter- 
face and a Japanese Kanji character 
set are available as plug-in accesso- 
ries. $5400. 

Hewlett-Packard Co, 1820 Em- 
bareadero Rd, Palo Alto, CA 94303. 
Phone local office. 
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EDITOR/SIMULATOR 


@ Simulator requires no compila- 
tion 

e@ Hnforces adherence to predeter- 
mined electrical rules 


Teo/Electronics lets you create and 
simulate logic concurrently. The 
software uses a common database 
for schematic capture and simula- 
tion, which permits the system to 
simulate designs without recom- 
piling data. The digital-logic simula- 
tor can combine gate-, functional-, 
and behavioral-level models. The 
simulator libraries contain 2400 
components. Each library element 
consists of a functional model and 
timing data. The Interface Toolkit 
contains a design-database lan- 
guage and procedural interface that 
helps you integrate your own soft- 
ware into this package’s database. 
The software runs on the company’s 
32-bit MV family of minicomputers 
and DS family of workstations. 
Schematic editor, $9000; logic simu- 


lator $7500; component libraries, 
$1500; Interface Toolkit, $15,000. 
Delivery, 90 days ARO. 

Data General Corp, 4400 Com- 
puter Dr, Westboro, MA 01580. 
Phone (617) 366-8911. 
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@ Database describes IC's and dis- 
crete components 

@ Displays information on ANSI 
terminals and PCs 


Designline is a computer-based 
service that provides data about ICs 
and discrete components. The data- 
bases include manufacturers’ per- 
formance specifications, graphics, 
pin-to-pin replacements, and CAE 
simulation libraries. You can access 
the service with an ANSI terminal 
or a personal computer. Information 
retrieval options include part num- 
ber, part description, and manufac- 
turer. You can use a partial number 
or a partial description to initiate a 

part search. $60/hour. 
Engineering Information Serv- 
ices, 20300 Stevens Creek Blvd, 
Suite 495, Cupertino, CA 95014. 

Phone (408) 255-4900. 
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VHSIC MODELS 


@ Simulate devices at the behavior- 
al level 
@ Five models now available 


Smartmodels are behavioral level 
models of VLSI components. A set 
of Smartmodels for VHSIC devices 
let you design and simulate high- 
speed systems. Behavioral models 
are available for IBM’s CMAC com- 
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plex-number multiplier/accumulator 
and for TRW’s TV C341 4-port mem- 
ory, the TVC372 multiplier/accumu- 
lator, the TVC831 FFT arithmetic 
unit, and the TVC981 FFT control 
unit. Because three of these five 
devices spec minimimum clock 
speeds of 25 MHz, software models 
are necesary to simulate designs 
that use these chips. Each model 
includes a symbolic hardware de- 
bugger that reports timing and 
usage errors. $4900. 

Logic Automation Inc, 19545 
NW Von Neumann Dr, Beaverton, 
OR 97006. Phone (503) 690-6900. 
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ERASABLE-PLD CAE 


@ Provides schematic capture 
@ Works with A+Plus software 


The Logicaps schematic-capture 
program interfaces to this compa- 
ny’s A+Plus design software to pro- 
vide a complete erasable-PLD de- 
sign package. Using this editor, you 
can avoid writing Boolean equations 
for your erasable-PLD designs. The 
schematic editor features two edit- 
ing windows, rubberbanding, and 
zoom. The A+ package eliminates 
redundant gates. Logicaps, $950; 
Logicaps, A+Plus, and a software- 
controlled programming module, 
$3200. 

Altera Corp, 3525 Monroe St, 
Santa Clara, CA 95051. Phone (408) 
984-2800. 
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GATE-ARRAY LAYOUT 


@ Automates placement and 
routing 

@ Uses predefined gate-array lay- 
outs 


Autolayout automates gate-array 
placement and routing. The package 
enables gate-array suppliers to cre- 
ate predefined layout runs. These 
layout runs contain strategies that 
help you place gates, define critical 
nets, and route interconnections. To 


guarantee 100% routing completion, 
you can select different place and 
route strategies. You can also sched- 
ule points for manual intervention. 
In addition, you can send computa- 
tionally intensive tasks, such as 
batch placement, to an accelerator 
on the network. The package is 
available for Megagatemaster and 
Gatemaster, which run on the com- 
pany’s workstations, and for Person- 
al Gatemaster, which runs on an 
IBM PC/AT. Including Personal 
Gatemaster, Autolayout costs 
$40,000. Deliveries begin in Decem- 
ber. 

Daisy Systems Corp, Box 7006, 
Mountain View, CA 94039. Phone 
(415) 960-0123. 
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SCHEMATIC CAPTURE 


@ Enhanced package offers net-list 
interface, local plotting 

@ Interface to Ventura Publisher 
included 


An enhanced version of the Entry 
Station Capture schematic-capture 
package features an interface to 
Ventura Software’s (Morgan Hill, 
CA) Ventura Publisher. Ventura 
Publisher can read graphics gener- 
ated by Entry Station and compose 
documents that include schematics, 
simulation results, and text. The 
schematic-capture package also pro- 
vides local plotting, a net-list trans- 
lator, and local parts libraries. The 
plotting utility links an IBM PC to 
peripherals such as Epson’s dot-ma- 
trix printers and Hewlett-Packard’s 
plotters. The net-list translator pro- 
vides you with the tools you need to 


translate a net list generated on this 


system to another company’s CAD 
system. You don’t need to use the 
translator for interfacing to Tegas 
files—a Tegas net-list interface is 
available. The communications soft- 
ware includes error checking. $4500. 
Mentor Graphics Corp, 8500 SW 
Creekside Pl, Beaverton, OR 97005. 

Phone (503) 626-7000. 
Circle No 362 
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Annitsu 
Presents 
Spectrum 
Analysis 
Thats 
Simply 
Unforgettable 


MS710C Spectrum the current real-time waveform to 
Analyzer a standard in memory. It’s like 
No more writing down results. having a file of waveform infor- 
No more sketching waveforms mation always at your fingertips. 
on paper. No more grease Frequency range Is wide, too: 
pencil graphics on the CRT grid. _ for instance, our new MS710C 
Why? covers the range from 10kHz to 
Because Anritsu’s new MS710- 23GHz (or up to 140GHz with an 
series Spectrum Analyzers external mixer). It offers signal 
actually remember display search functions, along with an 


screens for you — up to nine of ergonomic front panel that puts 
them, in fact. Each one complete every control right where it’s 
with waveforms and comprehen- needed. A special display lists 


sive alphanumeric information key functions right on the screen: 
such as frequency, level, etc. it's virtually a built-in operator’s 
Each one ready for recall to the =manual! 

CRT at the push of a button. Can't get the MS710C out of 
Check and recheck, contrast your mind? Contact Anritsu 


one with another, even compare _ for further details. 


Frequency Stabill Frequency Range 
Spectrum Analyzer | Frequency Range - 6.5GHz) Y Shine ie 


10kKHZz~30MEz, me 
MS710C 100kH2~23GHz SOKHz 18~140GHz 


MS710D 100kHz~23GHz 1MHz 18~140GHz 
MS710E 100kHz~23GHz 30kHz ea ayers ha 
MS710F 100kH2~23GHz 1MHz Pe ee 


nritst 


WE'RE ON THE MOVE. WORLDWIDE. 


ANRITSU CORPORATION 10-27, Minamiazabu 5-chome, Minato-ku, Tokyo 106, Japan Phone: 03-446-1111 Telex: 0-242-2353 ANRITU J ANRITSU AMERICA, INC. 15 Thornton Road, Oakland, NJ 07436, 
U.S.A. Phone: 201-337-1111 Sales & Service 1-800-255-7234 Telex: 642-141 ANRITSU OKLD ANRITSU EUROPE LIMITED Thistle Road, Windmill Trading Estate, Luton, Beds, LU1 3XJ, U.K. Phone: 
(STD0582)418853 Telex: 826750 ANRSEU G ANRITSU ELEKTRONIK GmbH Uhlandstrasse 9, D-4000 Disseldorf 1, F.R. Germany Phone: (0211) 682424 Telex: 8584904 ANRID ANRITSU ELETRONICA S.A. 
Av. Passos, 91-Sobrelojas 203/205-Centro, 20.051-Rio de Janeiro-RJ, Brasil Phone: 221-6086, 224-9448 Telex: 2131704 ANBR BR 
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Elfab’s press fit VME backplane: 
Optimum flexibility of a standard design. 


Wire wrap tails 
allow for optional 
rear plug up shroud. 


e222 2eeee 


Jumpering from 
both front or rear 
of backplane 
for easy access. 


Boards can be mounted 
side by side, maintaining 
.800 centerlines for 
system expansion. 


Standard power |.O. 


Of all the companies selling VME backplanes, very few 
actually manufacture them. Elfab Corporation's VMEbus 
system is designed and made totally in-house. Being a 
major manufacturer of press fit backplanes and connectors, 


100% electrically tested 
to assure reliability. 


On board termination 
between connectors 
for maximum use 
of board space. 


eee ne Reeve 2: 


J1 Backplane uses 
6 layer multilayer board, 
and J2 Backplane uses 
3 layer multilayer board 
for better overall 
performance. 


Universal hole 
pattern provides 
flexibility of 
power options. 


Optional power 
|.O. types. 


distributor stock at competitive prices. The 12 and 20 slot 
sizes are soon to follow. If these sizes do not fit your 
particular application, we can build custom orders to your 
specifications. Whatever your requirements, you can count 
on Elfab for quality backpanel interconnections. 

For more information and a free brochure contact: Elfab 
Corporation * 1097 Yates « Lewisville, Texas 

75067 » (214) 221-8776 or call toll free 

1-800-527-0753. In Europe: Elfab Europe, 


that is what we do best. 
Elfab VMEbus backplane offers a unique hole pattern 

designed to allow for your choice of power 

connectors. This flexibility has not been i 

previously available in standard systems. = L FA SB 

What's even more convenient, is the fact ly » B.V. * Raheen Industrial Estate « Limerick, 

that our standard 5, 9, and 21 slot was = see INTERCONNECTION Ireland » (061) 27600 « Telex: 70150 

configurations are available directly from “=, go” = 'NNOVATORS 


Distributors stocking Elfab products: 


TIME = FF Hennp Etectronics, Inc. 


et e1Com RnOane Distributors of Electronic Hardware and Components 


AN meNET 
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UNITED KINGDOM: 01-572 65 31; HONG KONG: 0-4992688; JAPAN: (03) 234-1411; ARGENTINA: 46-5776/0628/0864/2214: 
AUSTRIA: 0222-43 26 39; DENMARK: 02-98 63 33; FINLAND: 90-75 06 00; INDIA: 222-999; ISRAEL: (972) 3-922 39 88: 
ITALY: 02-569 57 46; KOREA: (02) 244-7492; NORWAY: 02-83 02 20; SINGAPORE: 747-6188; SPAIN: 01-405 42 13. 


Together At Last... 


Four improved OP-07s in a monolithic 
quad — PMI's OP-400! High precision 
at one-quarter the power of four OP-07s, 
the OP-400 is the most accurate quad 
Op amp you can get. 


PMI's new quad op amp delivers outstanding 
gain linearity, with low offset voltage and drift 
— crammed into the standard quad pinout. 


The OP-400 wins hands down! 


Single Quad 
OP-07E OP-400E 


Icy 4.0 0.725 mA Max (per amp) For more information on PMI's 
Avo 200 5000 V/mV Min new quad OP-400, please circle 
TCVps 3 12 pV/°C Max the inquiry number. Or, call us. 
1-800-843-1515. In California, call 
] V/V M : 
Ee nn ee 1-800-826-9664. 


e 10.3 11.0 0 ©=6nV/ Hz (10Hz 
: : sen Precision Monolithics Inc. 

_ A Bourns Company 

Santa Clara, California, USA 

408- 727-9222 


FRANCE: 01-40 03 35 93: GERMANY: 0711-22 93 0: NETHERLANDS: 070-87 54 04: SWITZERLAND: 042-33 33 33: 


SWEDEN: 08-768 05 60; TAIWAN: (02) 752-2200; YUGOSLAVIA: 041-42 37 46 |. 
CC The precision solution. 
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NEW PRODUCTS 


COMPUTERS & PERIPHERALS 


Q BUS-COMPATIBLE pC 


@ Outperforms the PDP-11/53 
@ Includes Winchester drive 


The SMS 1000 Model 30 microcom- 
puter is LSI-11 Q Bus compatible. It 
comes with either an LSI-11/23 or 
an LSI-11/73 CPU, four or eight 
serial ports, a 5%4-in. Winchester 
disk drive, and a 5-slot quad-height 
Q Bus backplane. Available as ei- 


ther a desktop or portable model, 
the computer runs both real-time 
and time-sharing operating sys- 
tems, including RSTS/E, Unix, 
TSX-Plus, RT-11, RSX-11M, and 
RSX-11M-Plus. $5000 (OEM qty). 
Scientific Micro Systems Inc, 
339 N Bernardo Ave, Mountain 
View, CA 94043. Phone (415) 964- 
5700. 
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4.2-IPS PLOTTERS 


@ D-size, single-pen plotters 
@ Addressable resolution is 0.001 
Nn. 


A single-pen engineering plotter, 
the PC-34, makes 15 x20-in. (C-size) 
or 20X32-in. (D-size) drawings on 
paper, Mylar, or vellum as large as 
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22x34 in’. An architectural model, 
the: PC-36, accepts plotting materi- 
als as large as 24x36 in. Plotting 
speed is 4.2 ips, and the addressable 
resolution is 0.001 in. Both machines 
have a 256-byte print buffer and are 
software compatible with DM/PL 
(the Houston Instrument graphics 
language). $2295. 

Zericon, 655 John Muir Dr, Suite 
416, San Francisco, CA 94132. 
Phone (415) 239-0112. 
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80286 COMPUTER 


@ Faster than earlier IBM PC/XTs 


@ Space for three internal data- 
storage drives 


The IBM PC/XT Model 286 operates 
as much as three times faster than 
previous PC/XT computers. Its 


6-MHz 80286 wP operates without 
wait states. The unit comes with 
640k bytes of RAM, expandable to 
12.6M bytes. You also get a half- 
height, 1.2M-byte 5%-in. floppy- 
disk drive; a 20M-byte hard-disk 
drive; a keyboard; and a serial/par- 
allel adapter card. The chassis has 
five 16-bit and three 8-bit expansion 
slots. There’s also room in the cabi- 
net for an additional data-storage 
device. From $3995. 

IBM Corp, Information Systems 
Group, 900 King St, Rye Brook, NY 
10573. Call local office. 
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34%-IN. WINCHESTER 


® Certified for use with RLL con- 
troller boards 

@ Provides 30M bytes of formatted 
data storage 


The Titan 30 RLL 3'%4-in. Winches- 
ter works with a run-length-limited 
(RLL) controller. This 30M-byte 
drive contains recording circuitry 
that is optimized to RLL signal pat- 
terns. The unit includes a head- 
lifter mechanism that prevents head 
and media wear because the head 
never touches the surface of the 
disk. The drive has an average ac- 
cess time of 65 msec. It includes a 
standard ST412 interface. $340 
(1000). 

LaPine Technology Corp, 182 
Topaz St, Milpitas, CA 95035. Phone 
(408) 262-7077. 
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... of Conventional 


In-Circuit Testing 
Let FACTRON help find them 


With conventional testers you 
can pay far more than the price — 
there are costs which are hidden, 
which can be brought to surface by 
three key factors:- 


Effectiveness: Improving 
fault coverage by just 5% can bring 
you 20% savings* in test and repair 
costs — to say nothing of the 
benefits of lower field returns. To 
achieve high fault coverage you 
need comprehensive tests; to 
maintain test quality, the system 
should not be compromised by 
future technology. 


Efficiency: Trim 3 or 4 days 
from each program preparation 
task and you typically increase 
tester availability by 15% per 
annum*. Achieving high machine 
efficiency requires more than good 
system reliability figures: you need 
quality automatic program 
generators, backed by efficient 
debug tools and fast test execution 
—all features of FACTRON 
in- circuit machines. 


Flexibility: For the highest 
production yields and throughput, 
consistent with quality, you require 
a tester that can handle several 
test methodologies; a tester that 
uses the optimal test strategy for 
your product. These factors are 
outside the realm of conventional 
machines — in short, you need 
PERFORMANCE IN-CIRCUIT TEST 
capabilities. 


FACTRON -Beyond the Conventional 


FACTRON test systems g0 
beyond conventional testers. 
Designed to improve your process 
monitoring strategy, they integrate 
smoothly with powerful Productivity 
Management and off-line 
programming tools to further 
enhance the profitability and 
competitive edge of your company. 


* Call FACTRON today for all the 
information and we will show you 
how to achieve a return on 
investment that guarantees high 
productivity through the investment 
years and beyond 

... With no hidden costs. 


FACTRON SCHLUMBERGER, U.S.A: 299 Old Niskayuna Road, Latham, New York 12110. Tel: (518) 783-3600 


FACTRON SCHLUMBERGER, Europe: Ferndown Industrial Estate, Wimborne, Dorset BH21 7PP, U.K. Tel: (0202) 893535 
NISSEC SCHLUMBERGER, Japan: 1-2-10 Hirakawacho, Chiyoda-ku, Tokyo 102. Tel: (03) 2397411 
SCHLUMBERGER SYSTEMS, Singapore: 12 Lorong Baker Batu, Singapore 1334. Tel: 7466344 


BENELUX Holland Tel: (040) 457745, FRANCE Tel: (1) 4687 3243, GERMANY Tel: (089) 638110, ITALY Tel: (2) 9233474, SWEDEN (8) 699733 


FACTRON AGENTS/DISTRIBUTORS 
SPAIN Tel: (1) 2624913, SWITZERLAND Tel: (31) 442711, TURKEY Tel: (1) 338 3529 


Partners in Productivity 
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FACTRON 


Schlumberger 
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COMPUTERS 
& PERIPHERALS 


CCD CAMERA 


® Offers 610X488-line imaging 
® Comes in a 15%%-0z package 


Weighing 15% oz and measuring 
216x2x5'% in., this charge-coupled- 
device (CCD) camera has 8-bit gray- 
scale capability and is compatible 
with the RS-170 signal standard for 
image processing. You can use this 
camera with any unregulated 12V 
de power supply, because it can 
withstand supply fluctuations from 
10.5 to 18.5V at 400 mA. Its circuits - 
correct for temperature variations 
and provide a pixel-clock output for 
an image digitizer. The camera pro- 
vides 610X488-line imaging; the 
company also offers a 604576-line 
model that meets European stand- 
ards. $2495. Delivery, 60 days ARO. 
Sierra Scientific, 1173 Borregas 
Ave, Sunnyvale, CA 94089. Phone 
(408) 745-1500. 
Circle No 367 


GRAPHICS PROCESSOR 


@ Multiplexes data from seven 
hosts , 
@ Provides vector-to-raster conver- 
sion : 


The Turbograph 300 Series II lets 
as many as seven host computers 
share the same printer or plotter. 
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By offloading the vector-to-raster 
conversion process from your host 
computers, this unit frees your 
CPUs for other tasks. The processor 
is compatible with several graphics 
languages, including HP/GL, 
DM/PL, and CGM. It comes with 
512k bytes of input memory for stor- 
ing as many as 80,000 vectors. 
Standard output memory is 512k 


bytes, expandable to 2M bytes. The - 


unit connects to your host comput- 
ers via RS-232C ports; a variety of 
output connections are available, in- 
cluding RS-232C and Centronics 
8-bit parallel interfaces. $2995. 
AMF Logic Sciences Inc, 10808 
Fallstone Rd, Houston, TX 77099. 
Phone (713) 879-0536. 
Circle No 368 


Take a closer look 
at Computer Vision 


Machine vision hardware can’t do a thing 
for you without the right software. That’s why 
CORECO devotes as much time to developing 
software as designing boards. The result ? 
Hardware and software that fit together like 
hand in glove. 

CORECO’s family of Oculus image capture 
and processing boards is compatible with the 
IBM and VME buses. With our dedicated soft- 
ware support it works for you in: 

OEM APPLICATIONS. Configure your own 
system — CORECO’s library of functions lets 
you do it in a snap. 

SCIENTIFIC APPLICATIONS. Process and 
analyze images. Simply add an Oculus board 
to your IBM AT and let the Image Analyzer pro- 
gram do its stuff. 

INDUSTRIAL APPLICATIONS. Perform dimen- 
sional inspection, read labels and recognize 
part numbers accurately - with CORECO’s In- 
dustrial Inspector program. 


Since 1979, CORECO has grown at a rate of 
100% a year — a sure sign that our customers 
not only appreciate the quality of CORECO’s 
products but also recognize our dedicated 
technical support. When it comes to machine 
vision, we've got the answers — call us. 


EXCELLENCE IN MACHINES THAT SEE 


COMPUTER-VISION 
PRODUCTS AND SUPPORT 


Tel: 1-800-361-4997 (USA) 
(514) 651-3100 (Canada and Europe) 
Telex via New York: 7601120 COR UC 
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TAPE DRIVE 


@ 1.25M-bps data-transfer rates 
@ SCSI-compatible %-in. drive 


Available with a SCSI interface, the 
TDX-45 and TDX-75 9-track, %-in. 
tape drives have buffered data- 
transfer rates as high as 1.25M bps. 
The TDX-45 operates at a tape 
speed of 45 ips, and the TDX-75 
runs at 75 ips. Both drives provide 
user-selectable tape densities of 800 
and 1600 bpi. The drives also con- 
tain 64k bytes of rotating buffer 
memory with parity. The drives’ 
standard features include 9-bit data 
paths, power-up self-testing, and 
switch-selectable SCSI bus parity 
checking. From $6900. 

Telebyte Technology, 270 E Pu- 
laski Rd, Greenlawn, NY 11740. 
Phone (800) 835-3298; in NY, (516) 
423-3232. 
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KEYBOARD 


@ Features tactile response 
® Plug-compatible with IBM PCs 


You can replace your IBM PC or 
PC/XT keyboard with an ME-101 
keyboard, which gives you the same 
key spacing and features as the 
IBM’s. This keyboard, which is the 
same size as the IBM PC/AT’s key- 
board, offers additional features, 
such as tactile response, switch-se- 
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6801 


stare 


Riis. 


American Automation has 
designed more emulators than C Language for selected 


Intel or Motorola, more than processors. Count on American 
Hewlett Packard or ‘Tektronrx, | Automation software. 

more than anyone. Count on Count on EZ-PRO from 
American Automation’s American Automation for the 
emulator experience. features you need for your proj- 


For each EZ-PRO emulator, ects, including Deep Trace!™ 
American Automation provides 4,096 real-time events, 256 


complete software support: break-points with zoning, : 
macro cross-assembler, complex triggering, on-line 
linker, symbolic debugger. assembly/disassembly. 

EZ-PRO 2.1* SUPPORTS: 


8031 Motorola: 


See 6800/B00 
he 6801 
8039 
cid 6802/B02 
146805E2 
8048 
3049 a 
on 6808 1802 
at 68B08 1805 
os 6809/09E 1806 
ees 68B09/BO9E CDP6805C4 
ne 68HC11-A8 CDP6805D2 
68000 CDP6805E3 


8088 
68008 
80186 68010 


80188 
80286 


Harris: 80C86 
80C88 


? ... AND MORE. 2 *Connected to PC 


with MSDOS 3.1 


an automatior 


2651 Dow Avenue, Tustin, California 92680 (714) 731-1661 


: IBM is a trad k of 
Telex II: 910-595-2670 AMAUTO TSTN ME ie pein 
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A Designer’s Guide to: 


Semicustom | 
Integrated Circuits 
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Be An 
Author! 


When you write for EDN, you 
earn professional recognition. 
And you earn $75 per pub- 
lished magazine page. 

EDN publishes how-to design 
application information that 1s 
read by more than 137,000 
electronic engineers and 
engineering managers world- 
wide. That’s an audience that 
could belong to you. 

If you have an appropriate arti- 
cle idea, please phone Jon 
Titus, Senior Editor, at (617) 
964-3030 or send a proposal 
and outline to him at 275 
Washington Street, Newton, 
MA 02158-1630. For a FREE 
EDN Writer’s Guide—with tips 
on how to write for EDN and 
other technical publications— 
please circle number 301. 


EIDIN 


First in Readership 
among Design Engineers 
and Engineering Managers 
in Electronics 
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COMPUTERS & PERIPHERALS 


lection for PC/AT or PC/XT opera- 
tion, and a choice of three keyboard 
layouts. The keyboard incorporates 
a molded elastomer sheet that pre- 
vents dust and liquid contaminants 
from reaching the contact area. 
LED indicators show the status of 
the Caps Lock, Num Lock, and 
Scroll Lock keys. $175. 
Maxi-Switch Co, 9697 E River 
Rd, Minneapolis, MN 55433. Phone 
(612) 755-7660. 


GRAPHICS RASTERIZER 


@ Dedicated unit cuts CPU over- 
head 
@ Specs 46-nsec/pixel speed 


For use with a Xerox 4050, 8700, or 
9700 laser printer with an IBM 
mainframe, the RIP-200XI raster- 
image processor translates the 
IBM’s vector graphics into the ras- 
ter bit map used by the laser print- 
er. By performing this translation, 
the processor can cut the host 
CPU’s image processing load by an 
average of 60 to 80%. The RIP- 
200XI rasterizes graphic elements 
at speeds as fast as 46 nsec/pixel; 
the processor then compresses the 
resulting bit map and transfers it 
back to the IBM mainframe as a 
binary image file. You can then 
print out the image file or merge it 
with text information. Because the 
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rasterizer is connected only to the 


‘mainframe, its installation involves 


standard IBM bus and tag connec- 
tors. $25,995. . 

KMW Systems Corp, 8307 High- 
way 71 W, Austin, TX 75735. Phone 
(512) 288-1453. 
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PC/AT GRAPHICS DISPLAY 


@ 1280X1024-pixel display 


®@ Simultaneously displays 256 of 
4096 colors 


Featuring single-slot connection to 


an IBM PC/AT or RT PC host and a 
vector drawing speed of 240 nsec 
per pixel, the Owl display system 
produces 1280X1024-pixel color 
graphics. It also provides a bit- 


block-transfer speed of 24 nsec per 
pixel and a block-fill speed of 12 nsec 


per pixel. Based on a proprietary 


ASIC design, the system is an inte- 


grated display generator and moni- 


tor for local graphic-display list pro- 


cessing. The 19-in. screen can 


simultaneously display as many as 


256 colors from a palette of 4096 at a 
60-Hz flicker-free refresh rate. The 
display’s graphics instruction firm- 
ware implements the proposed 


ANSI CGI standard, but you can 
also use the system with VDI or 


GKS applications software and with 
AutoCAD. A 400k-byte buffer lets 
you store and access display seg- 
ments without host intervention. 
$5595. 

Ramtek Corp, 2211 Lawson 
Lane, Santa Clara, CA 95052. 
Phone (408) 988-2211. TWX 910- 
338-0027. 

Circle No 372 


323 


COMPUTERS & PERIPHERALS 


16-BIT COMPUTER 


@ Runs at 5 MHz, 8 MHz, or 10 
MHz 
© Zero wait states at all speeds 


Model 310, a computer based on an 
8086 wP, operates at 5 MHz, 8 MHz, 
or 10 MHz with zero wait states at 
all three speeds. The computer 
comes enclosed in a 10-slot cabinet 
with 512k bytes of RAM, monitor 
firmware, a Winchester drive, and a 
floppy-disk drive. It also comes with 
a multimedia controller board that 
supports as many as 12 data-storage 
drives and offers optional disk cach- 


ing. $5065 (100). 

Central Data Corp, 1602 Newton 
Dr, Champaign, IL 61821. Phone 
(800) 482-0315; in IL, (217) 359-8010. 
TWX 910-245-0787. 
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1200-BPS MODEM 


@ Has 9-function LED front panel 
@ Provides 14 user-selectable 
modem settings 


The 1200/300-bps Courier 1200 auto- 
dial, autoanswer modem features 
eall-duration reporting, modem-sta- 
tus summary, repeat command, 
quote mode, and call-progress de- 
tection. Call-duration reporting lets 
you audit and display the duration 
of calls handled by the modem. The 
status summary displays the mo- 
dem’s current settings for communi- 
cations parameters. You can use the 
repeat command to make the 
modem repeat a command continu- 


ously until instructed otherwise. In 
quote mode, the modem can dial 
phone numbers that are expressed 
as letters. Call-progress detection 
displays the status of calls on the 
modem’s LED front panel. An on- 
board speaker with volume control 
lets you monitor phone lines. The 
modem automatically selects 1200- 
or 300-bps operation when answer- 
ing an incoming call. The unit also 
includes an analog loopback self-test 
and an internal test-pattern genera- 
tor. $499. 

USRobotics Inc, 8100 N McCor- 
mick Blvd, Skokie, IL 60076. Phone 
(312) 982-5010. 
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THE PERFECT UNION 


LINK/X is a trademark of Heurikon Corporation. 
UNIX is a trademark of Bell Laboratories, Inc. 

VRTX is a registered trademark of Hunter and Ready. 
Multibus is a trademark of Intel Corp. 
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FOR REAL-TIME DEVELOPMENT 


Heurikon’s LINK/X™ Real-Time Development System 
makes your real-time headaches a thing of the past. 
LINK/X provides bi-directional communication between 
UNIX™ and multiple processors running under the 
Hunter and Ready VRTX® real-time executive. LINK/X lets 
you develop code under UNIX, download to VRTX, test 
and debug—all over the system bus or serial link! 


CIRCLE NO 115 


With LINK/X you will never need to compromise on 
performance again. Using Heurikon’s powerful MC68010 
or MC68020, Multibus™ or VME microcomputer board 
families, systems can be configured to meet the most 
demanding application requirements. Customized 
versions can include up to 16 VRTX PIOESSO witha 
host of peripherals. 


Cure your real-time development headaches now! Call 
Heurikon at 1-800-356-9602 (ext. 397) and ask 

for LINK/X. Heurikon Corporation, 3201 Latham Drive, 
Madison WI 53713. 


HEURIKON 
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THE BEST _ 


High a DIN Based Logic Boards 


Advanced Features: , 
M@ Usable to 250 MHz 


MH High Density—More ICs per Board 
@ Optimized Distributed Capacitance | 
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Schottky Boards 


i Wire Wrap and Low Profile Stitch Wire ieee cteieneceeeeaees Four-layer boards enhance high speed a 
@ DIN/Eurocard, VMEbus, Multibus® Il Formats performance and decrease power plane 
M Over 36 Styles and Sizes— impedance. 


3U x 160mm to 9U x 400mm 


| 


SMD Decoupling 
|\Capacitors 

| Reduce inductance due 
to ieaded parts and 
eliminate wiring tool 
interference. 


High Speed Universal Boards 
Versatile boards for mixing TTL, CMOS, 
analog and even ECL on the same board. 


Vector Electronic Company introduces LOG/Cpak Plus™ —a new line 
of advanced, high speed, high density logic boards. 
HIGH SPEED performance is achieved through the use of SMD 
capacitors and four-layer construction with inter-pin planes and inter-layer 
connections. 
HIGH DENSITY packaging results from an efficient socket pin pattern 
that allows more ICs to be mounted per board and patterns that accom- 
modate PGA and LCC devices. 
NON-RESONANT DISTRIBUTED CAPACITANCE is assured by the 
use of SMD capacitors of alternating values. ELECTRONIC COMPANY 
LOGICpak Plus is part of a total systems approach to electronic pack- CIRCLE NO 251 
aging that is supported by a broad range of subracks, backplanes and 
extenders. 
Make the smart move to Vector’s LOGICpak Plus—the most com- 
plete, reliable and highest performance system available today. 
Call or write today for all the details. Vector Electronic Company, 
12460 Gladstone Avenue, Sylmar, CA 91342. Telephone: (818) 365-9661, 
TELEX 269303. 


LOGICpak Plus is a registered trademark of Vector Electronic Company 
Multibus is a registered trademark of Intel Corp 


Visit us at WESCON ’86 Booth #2539 & 2541 


your toasters, = 
your automotive control panels, 
your control lines, 
your microwave ovens... 


ae Zilog The technology in yo 


ar tee an affiliate of “And that may be an understatement. For complete information onall . 
EXON Corporation ight versions of the Z8 microcontroller from the ultra-sophisticated — 
Ke P designer's delight, the Super8, comparable in performance to: many - 16-— 
bit chips, to the ultra-inexpensive yet surprisingly powerful, plain vanilla 
plastic package Z8, call your nearest ps sales office or Zilog, Com- 
ponents Division, (408) 370-8022. 
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The DS-MGQ Quartz the exciting possibilities in your | present and 


planned products. Then write or call today for 


Crystal From SeikoInstruments. specifics. 


Exceptional stability over a wide temperature KEY SPECIFICATIONS 
range puts these DS-MGO crystals in a class by 


themselves. So does the world’ s smallest package. peru ee Ain 
Load Capacitance 10pf standard (other 
settings on request) 
Quality Factor 150,000 to 300,000* 
Effective Series Resistance 352 to 10022* 


Frequency Temperature : 
Stability (- oo to + 70°C) _ 
Drive Level (Max 


+5ppm to +100ppm_ 


In fact, our ultra-miniatures use 95% less real 
estate than a standard HC-33 enclosure. Combine 
this with low power consumption and high resist- 
ance to shock and you have an ideal crystal that 
meets all oe ars requirements. 
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THIS COMPLEX PCB 
CAN'T BE ROUTED 
WITHOUT THE HELP 

OF AN EXPERT. 
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THE DIFFERENCE IS TELESIS. 


Imagine facing the routing assignment at left. 
Almost nine thousand connections. 1318 EICs at .38 
density. And a project schedule to meet. It’s a task you 
wouldn’t begin without careful planning and an expert 
dedicated to the task. 

That’s why we developed INSIGHT—a new, 

Al router that makes every PCB designer an expert 
designer. INSIGHT is based on the cumulative know- 
ledge gained by routing hundreds of board designs. 

All you need to do is describe the board and the desired 
jeden rules, and INSIGHT automatically maps out an 
optimized routing strategy for that board. The result: 
high completion rates and high quality layouts. 

In addition to virtually assuring routing perfor- 
mance, INSIGHT delivers speed. In competitive tests, 
INSIGHT completed boards up to ten times faster. With 
all that performance and speed, you'll consistently meet 
your design schedules. 

Want some expert information on 
routing? Call, toll-free, for our datasheet 
on the INSIGHT router. Because in 
today’s competitive design engineering 
environments, only the smart survive. 


(1-800) 343-2048, In MA, (617) 256-2300 
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NEW PRODUCTS 


COMPONENTS & PACKAGING 


CRYSTAL OSCILLATOR 


® Operates between 8 and 25 MHz 
@ Measures 1.4X0.35X0.75 in. typ 


This miniaturized, temperature- 
compensated crystal oscillator, the 
X01041, operates at frequencies be- 


tween 8 and 25 MHz. Frequency-. 


stability options range from +0.5 
ppm over 0 to +50°C to +2 ppm 
over —45 to +85°C. You can specify 
the supply voltage from 7.5 to 12V. 
Output signals are either 1V rms 
into 1 kO or 3.4V into 2 kO. Its size 
depends on the package you select; 
typical dimensions are 1.4x 


0.35x0.75 in. $40 (1000). 
ery, 16 to 18 weeks ARO. 
Piezo Technology Inc, Box 7859, 
Orlando, FL 32854. Phone (305) 298- 
2000. TWX 810-850-4136. 
Circle No 375 


Deliv- 


CONVERTER BOARD 


® Converts any RS-232C port to 
RS-422 or -485 
@ 4000V photoisolated lines 


For converting any RS-232C serial 
port or RS-422 or RS-485 ports 
(models AC7A and AC7B, respec- 
tively), this board features 4000V 
photoisolated lines with transient 
voltage protection. Full-duplex op- 
eration is standard at 19.2k baud 
rates for distances as great as 5000 
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feet. The board contains bidirection- 
al handshake lines for request-to- 
send and clear-to-send signals. Null- 
modem cables are not required. An 
onboard power supply delivers 120V 
for the AC7A and 240V for the 


AC7B. Diagnostic indicator lamps 
are standard. $105. 

Opto 22, 15461 Springdale St, 
Huntington Beach, CA 92649. 
Phone (714) 891-5861. 

Circle No 376 


SAMPLE/HOLD AMP 


@ For multichannel, analog signal- 
processing applications 
@ 2-msec acquisition time 


The high-speed, hybrid SHM-91 
dual sample/hold amplifier is de- 
signed for multichannel analog sig- 
nal processing using 12- to 14-bit 


A/D converters. The amplifier fea- 


tures an acquisition time of 2 msec 
max for a 10V de input step to 
0.002%. Feedthrough is —90 dB. 
Aperture uncertainty is 300 psec 
typ; pedestal error is less than +1 
mV. The device is actively laser- 
trimmed at the factory for initial 
offset and sample-to-hold offset. It 
operates without external adjust- 
ment circuits. The amp requires 
+15V dc; maximum power con- 
sumption is 900 mW. The device is 
available in three models for opera- 
tion over the commercial, industrial, 
and military temperature ranges. 
All models come in 24-pin, hermeti- 
cally sealed ceramic packages. $108 
to $160. Delivery, stock to eight 
weeks ARO. 

Datel, 11 Cabot Blvd, Mansfield, 
MA 02048. Phone (617) 339-9341. 
TWX 710-346-1953. 

Circle No 377 
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Batteries age shown larger than actual size. 


NEW HIGH POWER SERIES OF DURACELL® XL" LITHIUM BATTERIES 
OUTPERFORMS ALL CONSUMER-REPLACEABLE BATTERIES. 


Please have a sales engineer call me and send the Lithium Technical File, Circle No. 15 
= 


Please send the Lithium Technical File, Circle No. 16 ‘ D U Re A C E ; 7° Xi TM 


' The Ultimate Lithium Battery 


ow!...the first series of lithium bat- 

teries to combine HIGH POWER, 
CONSUMER REPLACEABILITY and 10- 
YEAR SHELF LIFE. They allow you to de- 
sign products never before possible. Each 
new High Power Series DURACELL XL 
Lithium Battery can deliver over 5 amps 
on pulse...more powerful than lithium/ 
poly-carbonmonofluoride batteries...more 
powerful than any other consumer-re- 
placeable lithium battery...more com- 
bined power and energy per cubic inch than 
any consumer-replaceable battery! Included 
are 3-volt, 6-volt, and 9-volt configura- 
tions, to give you the flexibility you need for 
designing tomorrow’s high powered, more 
compact devices. 


COMPARISON OF CONSUMER-REPLACEABLE 9-VOLT 
LITHIUM BATTERIES 


a 


ua 


DURACELL® DL323A 


OTHER LITHIUM 9-VOLT 


> 


(TRANSISTOR SIZE) 


ENERGY DENSITY 
WATT-HOURS / IN.3 


Li(CF)n 9-VOLT 


0.5 1.0 1.5 2.0 2.5 3.0 3.5 
POWER DENSITY 
WATTS / IN.3 


The High Power Series DURACELL DL323A 
lithium battery outperforms all other consumer- 
replaceable 9-volt lithium batteries, including 
lithium/poly-carbonmonofluoride (Li/[CF]n) bat- 
teries and other standard 9-volt (transistor-size) 
lithium batteries. 


DURACELL utHium/ManGANESE DIOXIDE BATTERIES 


DURACELL 


PREMIUM BATTERY SYSTEMS 


A 


end for FREE Lithium Technical File: 

Muracell Inc., OEM Technical Sales & 

arketing, Berkshire Industrial Park, 

ethel, CT 06801. Call toll-free 1-800- 

31-2656 (in CT, call 203-791-3274). 
CIRCLE NO 116 


COMPONENTS & PACKAGING 


TO-5 RELAYS 


@ For current exposures >1A 
@ Military-style relay in standard 
case 


The 212 Series 2A relays feature a 
Telesium contact material; they are 
designed for use where the contacts 
are exposed to current greater than 
1A. They are military-style relays 
housed in a standard TO-5 case, 
which allows a pin-for-pin replace- 
ment in designs where excessive 
loads have caused relay problems. 
The company will screen the units 
to applicable parameters of MIL-R- 
39016, level P, when required. The 
relays feature a dpdt contact ar- 
rangement in three coil voltages: 5, 
12, and 26.5V. $25.10 (100). 

Teledyne Relays, 12525 Daphne 
Ave, Hawthorne, CA 90250. Phone 
(213) 777-0077. 
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SPRING CLIP 


@ One size fits all wire diameters 
@ Designed for EMI/ESD protection 


The average installation time of this 
drain-wire spring clip is 20 sec. 
Metal junction shells eliminate the 
need for drain-wire installation, al- 


though you can use drain-wire in- 
stallation to ensure the continuity of 
a shield’s EMI/EDS protection. You 
can use the device on round cables 
ranging from nine to 64 conductors; 
it can secure a drain wire of any 
size, with a constant force for all 
diameters. Because this one-size 


clip provides a constant force, inde- 


pendent of cable size, it will main- 
tain contact even when cables shift 
or shrink. $0.35 (1000). 
3M, Dept EP86-63, Box 2963, 
Austin, TX 78769. Phone (512) 834- 
6563. 
Circle No 379 


LED DISPLAYS 


@ 2.3-in. high-resolution red 
characters 

@ Available in common-anode and 
common-cathode styles 


The LR2351E and LR2352E LED 
displays feature 7-segment, 2.3-in. 
high-resolution red _ characters. 
Each encapsulated device features a 
gray face and white translucent seg- 
ments to enhance the dead-front ap- 
pearance when the displays are 
mounted behind a panel. These 
10-pin units are available in com- 
mon-anode and common-cathode 
configurations. Packages measure 
2.75X1.89 in. $6.48 (100). Delivery, 
six to eight weeks ARO. 

IEE Inc, 7740 Lemona Ave, Van 
Nuys, CA 91405. Phone (818) 787- 
0311. TWX 910-495-1707. 

Circle No 380 
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Get your dedicated system to market 
months sooner with the PC Bus or PC-AT 
Bus. The full board-level, passive backplane 
implementation by I-Bus lets you plug 
together system components from hundreds 
of PC Bus manufacturers, and directly ex- 
ecute software developed on and for the 
IBM’ PC and PC-AT. 

I-Bus has 4 CPU cards with up to 256K of 
on-board EPROM space for dedicated appli- 
cations, and with PROMDISK, you don’t 
even need to produce ROMable code. We 
have the most complete line of system pack- 
aging for the PC/PC-AT Bus, too. All you 
add are your favorite PC expansion cards 
for your application. 

If you’re into systems, I-Bus speaks your 
language. 


Call TOLL FREE: 
(800) 382-4229 In Calif. (619) 569-0646 


L5UsS 


The Full Service PC Bus Company 


9235 Chesapeake Dr., San Diego, CA 92123 
(619) 569-0646 Telex: 910 240 0290 
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COMPONENTS & PACKAGING 


F-O MULTIPLEXER 


@ Offers speeds to 76.8k bps 
® Configurations can include 18 to 
144 channels 


The Model 3272 fiber-optic multi- 
plexer can operate either asynchro- 
nously or synchronously at speeds 
to 76.8k bps in some configurations. 
You can order it in configurations 
having 18 to 144 channels. The mux 
features standard SMA connectors 
and diagnostic capabilities that de- 
termine synchronization and local 
and remote loop-back functions. You 
can order it in a rack-mount or 
stand-alone version. Full-duplex op- 
eration, a bit error rate of 1x10™° 
or better, and code transparency 
are standard. $2350 to $5350. 
Canoga-Perkins, 6635 Indepen- 
dence Ave, Canoga Park, CA 91308. 
Phone (818) 887-1897. 
Circle No 381 


OSCILLATORS 


@ Operate at any frequency between 
4 and 18 GHz 

@ Mechanical tuning range of +25 
to +100 MHz 


You can preset the DSO-1000 and 
DSO-2000 Series dielectrically sta- 
bilized oscillators to any frequency 
between 4 and 18 GHz with an accu- 
racy of 0.1% over the full operating 
range of —54 to +85°C (case temp- 
erature). DSO-1000 oscillators use 
as little as 75 mA at 15V de to 
produce 10-dBm output power (400 
mA for 23 dBm). They come in her- 
metically sealed packages that can 
be as small as 0.85 in® without con- 
nectors. DSO-2000 parts are similar 
but feature a mechanical tuner that 


provides a tuning range of approxi- 
mately +25 to +100 MHz, depend- 
ing on the model. The 2000’s power 
output varies from 10 to 20 dBm 
with current drains from 75 to 400 
mA. The packages are somewhat 
larger to accommodate the mechani- 
eal tuner. DSO-1000, from $750; 
DSO-2000, from $900. 

Avantek Inc, 3175 Bowers Ave, 
Santa Clara, CA 95054. Phone (408) 
970-2583. 
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ADCs 


® Offer 16-bit resolution 
@ 15-wsec conversion time 


ADC76 Series 16-bit A/D convert- 
ers offer a linearity error of 
+0.003% max and a conversion time 
of 15 psec with 14-bit resolution. 
They feature serial and parallel out- 
puts; an internal reference; and 
thin-film sealing resistors, which 
allow selection of analog input 
ranges of +2.5, +5, +10, 0 to +5, 0 
to +10, and 0 to +20V. All digital 
inputs and outputs are DTL/TTL 
compatible. Power-supply voltages 
are +15 and 5V de. From $126 (100). 
Burr-Brown Corp, Box 11400, 
Tucson, AZ 85734. Phone (602) 746- 

1111. TWX 910-952-1111. 
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F-O CONNECTORS 


@ Single-channel, SMA-style 
connectors 

@ Feature 4-position keyway 
system 


The Fosc (fiber-optic single channel) 
Series is a single-channel fiber-to- 
fiber and fiber-to-device connector 
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ANNOUNCING: NOW AVAILABLE FOR SHIPMENT! 


The 


Act now! Key Tronic has the new IBM* 

enhanced keyboard layout for you! 

With responsiveness that’s the best in 

the industry, Key Tronic provides a 101 

keyboard which: 

® Features IBM* enhanced layout. 

® Includes Key Tronic reliable switch 
technology and quality. 

® Is ready for shipment now! 


; If you want the IBM* enhanced layout, 

: the Key Tronic 101 keyboard is for 

: you. If the 101 is not for you, we have 

: alternative layouts available for 
immediate shipment. Of course, 
customized versions are also available. 


Contact your Key Tronic Repre- 
sentative today or call OEM Sales at 
(509) 928-8000 for more information. 


The Key Tronic 101 layout features include: 
© Separate cursor & numeric pad 

LED indicators 

12 function keys 

Break over tactile feel 

19 mm low profile design 

5 VDC operation 


*IBM is a registered trademark of IBM Corporation. 


“C feel the Key Tromt-Jouch 
key tronic 


The Responsive Input Company «. 


The Worlds Lanreest Independent 
Manufacturer of Full Travel Keyboards 


P. O. Box 14687 * Spokane, WA 99214 « USA 
(509) 928-8000 TWX 510 773-1885 
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COMPONENTS & PACKAGING 


system. Its SMA-style connector is 
designed for cable-to-cable, bulk- 
head, and pc-board applications. 
The series’ 4-position keyway sys- 
tem provides repeatable coupling 
performance and ensures reliable 


and consistent interconnections 
even in extreme connect/disconnect 
conditions and intense vibration en- 
vironments, according to the manu- 
facturer. These connectors incorpo- 
rate the company’s jewel-ferrule 
alignment system, which eliminates 
the need to grind and polish the 
contact to precise dimensions. Oper- 
ating temperature range is —40 to 
+85°C. Plug-to-device receptacle 
set, including adapter, $17 (100). 
Delivery, two to six weeks ARO. 
ITT, Cannon Div, Box 8040, 
Fountain Valley, CA 92728. Phone 
(714) 964-7400. 
Circle No 384 


INDUCTOR 


@ For MIL-C-15305 Grade 1, Class 
A requirements 

@ Inductance range is 1100 to 3600 
wH 


Designed to meet MIL-C-15305, 
Grade 1, Class A requirements, the 
IM-8 inductor provides a range of 
1100 to 3600 wH. It’s protected by a 


covering of flame-retardant molded 
epoxy. Rated de current ranges 
from 57 to 78 mA. Standard toler- 
ance is +5%; tolerance to +1% is 
available upon request. The induc- 
tors come in bulk or tape-and-reel 
packaging. A 1500-~H inductor 
with standard tolerance, $1.29 
(1000). Delivery, stock to six weeks 
ARO. 

Dale Electronics Inc, 2064 12th 
Ave, Columbus, NE 68601. Phone 
(605) 635-9301. 
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RESISTOR NETWORKS 


® Available in three configurations 
@ Resistance range from 10Q. to 
3.8 MQ 


The MDP18 DIP resistor networks 
are available in three circuits: 17 
resistors with one common pin (-01); 
nine isolated resistors (-03); and 16 
series pairs for TTL dual-line termi- 
nator or pulse-squaring use (-05). 
Covering a resistance range of 100 
to 3.3 MQ, the networks have a 
standard tolerance of +2% and a 
temperature coefficient of +100 
ppm/°C. Tolerances of +1, +5, +10, 
and +20% are also available. The 
power rating at 25°C is 0.15W for 
the -01 and -05 versions, 0.3W for 
the -03. The power rating for the 
entire resistor package is 2.5 to 
2.7W, depending on the configura- 
tion. A typical -01 configuration 
that specs 1-k© resistance and 2% 
tolerance costs $0.75 (1000). Deliv- 
ery, 14 weeks ARO. 

Dale Electronics Inc, 2064 12th 
Ave, Columbus, NE 68061. Phone 
(915) 592-3253. 

Circle No 386 
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When you're looking for Power 
MOSFETs that know how to beat 
the heat, look no further than the 
performance leaders: 
COOLFET™ Power 

~»,. MOSFETs from 
~,. Fairchild. 


ete 


Featuring 
the lowest 
Rps(on) in the industry = 
a full 20% lower. So you enjoy 
substantially less power loss, 
resulting in the coolest operation 
around. Which adds up to an in- 
crease in reliability and efficiency 


you simply can’t find anywhere else. 


Whether you use them as 
drop-in replacements or for new 
designs, COOLFETs provide 
higher performance with no price 
penalty. In new designs, they call 


for smaller heat sinks. So they take 


up less space, and deliver signifi- 
cantly increased power density. 
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COOLFE Ts take the heat 
off Power MOSFETs. 


What’s more, we've just added 16 
new COOLFETs to our broad line 
of over 300 Power MOSFETs. 

_ As with all Fairchild products, 
COOLFETs are backed by our 
extensive customer service and 
support. Including fast delivery. _ 
Excellent sample availability. And 
field technical specialists to provide 
any and all assistance you may need. 

‘lo order COOLFETs, simply 
add a CF suffix to your regular IRF 
MOSFET part number. 

For more information, contact 


ree COOLFETs 


Fairchild 
sales office 
or distributor. Or call our Customer 
Information Center at 1-800- 
994-4443, 
~ COOLFETSs from Fairchild. 
When the heat’s on, they never 
lose their cool. 


©1986 Fairchild Semiconductor Corporation. COOLFE1 
is a trademark of Fairchild Semiconductor Corporation. 


DEVICE POWER LOSS 


Standard IRF MOSFETs 
Ds CCOOLFETs 


We're taking 


the high ground. 
[2h ON ee 
FAIRCHILD 
ee 


A Schlumberger Company 


COMPONENTS & PACKAGING 


TRANSMITTERS 


@ Feature built-in pressure trans- 
ducers 

@ Available in ranges spanning 0 to 
100 psi 


Press Puck Series current-loop 
transmitters have built-in pressure 
transducers. They are available in 
pressure ranges of 0 to 5, 0 to 10, 0 
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tons 


to 15, 0 to 30, 0 to 50, and 0 to 100 
psi absolute, gauge, or differential 
(or its equivalent for vacuum). Vari- 


ous custom configurations are avail- 


able. The supply voltage is 12 to 40V 
de; accuracy and linearity spec +1% 
of full scale; overload specs at three 
times the rated pressure. The oper- 
ating range is —40 to +85°C. $225. 
Delivery, stock to six weeks ARO. 

International Microtronics 
Corp, 4016 E Tennessee St, Tucson, 
AZ 85714. Phone (800) 847-8478; in 
AZ, (602) 748-7900. TWX 910-952- 
1170. 


Circle No 387 


YIG-TUNED FILTER 


@ Features 25-MHz, 3-dB band- 
width 

@ Tunable over the 2- to 18-GHz 
range 


The WJ-5045-100 YIG-tuned filter 
has a 25-MHz, 3-dB bandwidth. You 
can tune it over the 2- to 18-GHz 
range. It has an insertion loss of 5 
dB max. The off-resonance isolation 
is at least 45 dB with off-resonance 
spurious signals greater than 20 dB. 
The passband ripple and passband 
spurious output is less than 2 dB. 
Filter linearity is +10 MHz. $395. 
Watkins-Johnson Co, 3333 
Hillview Ave, Palo Alto, CA 943804. 
Phone (415) 493-4141. 
Circle No 388 
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Circle NO. 3 for an ITT SCHADOW CATALOG 


Circle NO 42 for Sales Engineer CALL/SAMPLES 


ITT 
Schadow’s 
MSL 
Switches 


Fully sealed, to make assembly 
easier and less expensive. 


l; you re Currently using unsealed low-travel 
mechanical switches in your products, you 
could be saving time and money by specify- 
ing ITT Schadow's new family of fully sealed 
MSL switches instead. 

No special processing needed. 
Because they're sealed, MSL switches can 
be flow-soldered and washed during the 
main assembly process. Their sealed 
design means they can withstand water 
washing, solvent immersion, and ultrasonic 
baths as well as environmental hazards 
such as sulfides. Just as important, they’re 
self-retaining on PC boards until soldering, 
making fixturing unnecessary. 

Outstanding human factors. MSL 
switches incorporate a crisp tactile feel, 
audible feedback, and a controlled make 
point with overtravel. Pushbutton, toggle, 
and rocker actions are available. 

High-tech ‘family look.” MSL 
switches let you mix and match switch 
functions without sacrificing compatibility of 
design. They come in eight standard col- 
ors, with or without LED options. ITT 
schadow will custom-design MSL switches 
for special applications, too. 

Despite their unique advantages, MSL 
switches are priced no higher than 
unsealed competitive high-performance 
switches. To find out how easily you can 
integrate these fully sealed switches into 
your designs and assembly processes, 
mail the coupon below. Or contact your 
local Authorized ITT Schadow Switch 
Center. 


FREE SAMPLES 
: 


L] | buy or specify switches. Please have a 
rep call me about a free MSL Schadow 
Box. 


_] I'm not ready to talk with a rep yet, but 
please send me a full-line switch catalog. 


Name 
Title 
Company 
Address 
City 
State 


Telephone ( ) 


MAIL TO: ITT Schadow Inc., a subsidiary of ITT 
Corporation, 8081 Wallace Road, 
Eden Prairie, MN 55344 
(612) 934-4400 


Schadow ITT 
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INFORMATION IN AN INSTANT! 


EDN and EDN News offer you the fastest system ever 
to retrieve additional product information from an 
advertiser. 

It’s called REACT, for Cahners Reader Action Service. 
And it allows you to receive in minutes what used to 
take weeks. 

All you do is look for the toll-free REACT phone number 
appearing in ads in EDN and EDN News. Then call the 
number from your modem-equipped personal com- 
puter or terminal. 

You'll be shown product descriptions, price lists, and 
technical specifications right on your computer 
screen. Plus you can access this data 24 hours a day, 
Seven days a week for up to 15 minutes without 
charge. 

REACT enables you to respond to an advertising mes- 
Sage after reading it and to receive the additional infor- 
mation you want /mmediately. 

The next time you see an ad that interests you, all you 
have to do is REACT. 


ConA PONG ER 


qUIMREADER 
ACTON I» 


LETS YOU RETRIEVE DETAILED PRODUCT 
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EDN’s Career Opportunities 
section keeps you informed 
of current job openings 
from coast-to-coast 


TO 
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How to 


design for 


Weight 
reduction 


Do not use unnecessary solid 
surfaces. Substituting welded wire 
reduced the weight of this end bracket 
35% over original sheet metal part. 
Pound for pound steel wire costs no 
more than other metals. And because 
less material is used, the savings 
are always significant. 


eat 


Leave plenty of open area for easy 
cooling. By putting metal only where 
needed, welded wire assemblies 
improve air flow and heat dissipation. 


Strength | 


Use bridge construction. Welded wire 
assemblies can be made as rigid 
and strong as desired. And with bridge 
construction, additional support can 
be easily added if necessary. 


Free New brochure of unique design 
ideas using welded wire construction. 
Write or call today (607-722-1161). 
Ask for Mike Sellitto. 

E.H. Titchener & Co. 


28 Titchener Place 
eee, P.O. Box 1706 


et | _ Binghamton, NY 13902 
Phone 607-772-1161 
TWX 510-252-1985 
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TANDARD GRIGSBY 


WITCHES 


Above the rest! 


Standard Grigsby, Inc. rises high above the rest with its offering of one of the widest ranges of 


1/2” switch components in the industry. These 1/2” products are wave solderable, washable, 
available sealed or unsealed and in commercial or military finishes. 


Standard Grigsby, Inc’s 1/2” switch products are offered not only in various PC board con- 


figurations but also differing indexing angles. Also offered are anti-static keylocks with various 
levels of security. In addition are concentric shaft switches with numerous versions available. 


Standard Grigsby, Inc’s Application Engineering department is available to solve your 
switching problems. 


STANDARD 
GRIGSBY 


920 Rathbone Avenue 
Aurora, IL 60507-9990 USA 
312/844-4300 
TWX 910-232-3138 * FAX 312-844-4286 
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NEW PRODUCIS 


ICs & SEMICONDUCTORS 


DUAL-PORT RAM 


@ Couples 8- and 16-bit wPs 
@ Sends data between systems hav- 
ing different word sizes 


The VT16DP8 RAM has two sepa- 
rate I/O ports that allow simultane- 
ous and independent access by both 
8-bit and 16-bit wPs. This capability 
allows one memory chip to couple 8- 
and 16-bit processors in a multipro- 
cessor application, allows a 16-bit 
host to support 8-bit peripherals, 
and allows you to combine two chips 
for use with 32-bit systems. Two 
separate enable lines control the left 
port of the device—one line for the 
upper eight bits and the other for 
the lower eight bits. You can use the 
8-bit ports individually to make the 
16-bit port also serve as an 8-bit I/O 
facility. At the right port, you can 
address either the upper or lower 
bytes of a 16-bit word. In 64-pin DIP 
or 68-pin PLCC, $52.60 (1000). 

VLSI Technology Ine, 1109 
McKay Dr, San Jose, CA 95181. 
Phone (408) 434-3000. 
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AMOSCSAS SK £4 CMOS. : 
STARE RAM Pe 


STATIC RAMs 


@ Spec 20-nsec access time 
@ Consume 770 mW 


The Am99C58 and Am99C59 static 
RAMs offer access times as low as 
20 nsec over the commercial temper- 
ature range. The devices have sepa- 
rate data-I/O pins that eliminate bus 
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turnaround time. Both devices con- 
sume 770 mW when operating at 30 
MHz. The Am99C58 has a chip-en- 
able function that automatically 
powers down the device when it is 
deselected, reducing power by more 
than 70% to 220 mW. The Am99C59 


LOGIC ICs 


@ Family contains buffer/driver 
and flip-flops 

@ Available in SO packages and 
plastic or ceramic DIPs 


The 74F365 hex buffer/driver and 
the 74F564, 74F574, 74F821, 
74F'823, and 74F825 D flip flops op- 
erate over a temperature range of 0 
to 70°C. Vcc is guaranteed at 5V 
+10%. They are fabricated using 
Fast (Fairchild Advanced Schottky 
TTL) technology. The 74F865 fea- 
tures 3-state outputs that sink 64 
mA. It’s available in 16-pin plastic 
and ceramic DIPs and in SO pack- 
ages. The 74F574 is a broadside- 
pinout version of the company’s 
7T4F374. The 74F564 has inverted 
outputs, but otherwise it is func- 


offers a chip-select access time of 10 
nsec. In 24-pin, 300-mil ceramic 
DIPs, $24.75 (100). 

Advanced Micro Devices Inc, 
Box 3453, Sunnyvale, CA 94088. 
Phone (408) 732-2400. 
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tionally equivalent to the 74F574. 
Both the -574 and the -564 come in 
SO packages and 20-pin plastic and 
ceramic DIPs. The 74F821 features 
3-state outputs arranged in a broad- 
side pinout. The 74F823’s and 
74F825’s clock-enable and clear fea- 
tures make them ideal for parity- 
bus interfacing in high-performance 
microprogramming systems. The 
-823 and -825 are available in 24-pin, 
300-mil, plastic and ceramic DIPs. 
In plastic DIPs: 74F365, $1.14; -564, 
$2.78; -574, $2.78; -821, $3.50; -823, 
$3.50; -825, $3.50 (100). 

Fairchild Semiconductor Corp, 
Digital Logic Div, 333 Western Ave, 
South Portland, ME 04106. Phone 
(800) 554-4448; in ME, (207) 775- 
8783. 
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Meeting a project deadline often depends 
on the strength of your support. The pro- 
blem is, making the support work for you. 
Because, while some vendors may provide 
you with “‘adequate’’equipment, you’d be 
surprised to learn how many compromises 
they expect on your part. 


At Zax, we offer an intelligent alternative 
to solving your processor-based design 
problems by providing everything from a 
broad range of standalone/in-circuit 
emulators and development software, toa 
fully-supported host computer. Why is this 
single-vendor approach important? 
Because it gives you the freedom of choice, 
which puts you in control. When you turn 
your development needs over to ZAX, 
you’re assured that all hardware and soft- 
ware tools have been conceived, designed, 
and tested to work together reliably and 
efficiently; both with your existing system 
or as a completely independent develop- 
ment system. 


ZAX ICD-series standalone emulators 
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ZAX In-circuit emulators for Z80, 6809/E, 68000 family, 8048 family, 8051 family, 8086/88 & 80186/88, and V20/V30. 


ZAX! UNPARALLELED 
SUPPORT 10 BEAT 
MICROPROCESSOR- 
DESIGN DEADLINES 


have become the standard for system 
designers who require both power and flex- 
ibility in an emulation tool—as well as 
affordability. Their power helps you opti- 
mize design/ debug time to keep you well 
ahead of deadlines. Their rugged construc- 
tion allows us to offer a one year warranty. 
And because they’re a standalone-type 
emulator, youcan connect them to almost 
any terminal or computer you now own — 
from PC to mainframe. 


The BOX-ER is our own host computer 
that’s specifically designed for total pro- 
ject control; from generating source code 
to compiling complete programs to manag- 
ing the debugging activities of our 
emulators. Now you can own an 
economical host computer that’s easy to 
use, delivers abundant processing power, 
possesses superior memory capacity and 
supports high-resolution graphics for 
engineering applications. But the BOX-ER 
is more than just another AT-compatible. 
It’s wholly-supported by ZAX, protecting 
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you against unforeseen software and hard- 
ware problems which could impede your 
progress. 


A broad choice of development software 
is paramount to your ability to work ina 
familiar environment—and ZAX can pro- 
vide it! We offer ‘‘C;’ Pascal, PLM and 
Fortran compilers, assemblers/loaders, 
symbolic debuggers, source-level debug- 
gers, and a feature-filled communications 
program. 


In our effort to meet all your design needs, 
ZAX also offers useful support equipment, 
such as the EZ-ROM 198 EPROM pro- 
grammer and the world’s fastest EPROM 
eraser—the Quick-E II. 


After delivery, the superior support you 
receive assures satisfaction with the prod- 
ucts you’ve selected. Always available is a 
staff of Field Applications Engineers to 
provide factory-level assistance at your 
facility. And when you need answers now, 
you'll get them quickly through our toll- 
free technical hot line. 


Put unparalleled ZAX support to work for 
you on your next project and beat that 
deadline! To find out how, 

(800 233-9817 in California), 
or write ZAX Corporation, 2572 White 
Road, Irvine, California 92714. Telex 


183829. 
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DRIVER ICs 


@ Provide drive-current capabili- 
tres of 100 mA 

© Feature shift-register speed of 8 
MHz 


The HV51, -52, -58, and -54 32- 
channel high-voltage driver ICs pro- 
vide a shift-register speed of 8 MHz 
and drive-current capabilities of 100 
mA. The HV51 and -52 feature 
open-drain outputs fed by 32-bit 
high-speed shift registers and pro- 
vide output voltages of 200 and 


SPECIALIZED 
FIELD SERVICE 
TOOL KITS 


From basic to comprehensive sets, a full line of more than 
00 field service tool kits. 
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o00V. The HV53 and -54 feature 
push-pull outputs fed by a 32-bit 
high-speed shift register and 32 
latches. The HV51 and -52 are avail- 
able in 200 and 300V versions; the 
HV53 and -54 come in 40, 60, and 
90V versions. All four devices come 
in plastic or ceramic surface-mount, 
J-lead quad chip carriers or as dies. 
A 60V HV58 in a plastic package 
costs $5.48 (100). 

Suptertex Inc, Box 3607, Sunny- 
vale, CA 94088. Phone (408) 744- 
0100. TWX 910-339-9388. 
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D/A CONVERTER 


@ Interfaces to 4- and 8-bit uPs 
@ Features 2-usec current-output 
settling time 


The HS7542 monolithic 12-bit D/A 
converter features a double-buff- 
ered input architecture for direct 
interface to 4- and 8-bit wPs. Four 


control pins—write, chip select, and 
two address-bus inputs—accomplish 
all data loading and transfer opera- 
tions. Data is loaded into the data 
registers in 4-bit bytes and subse- 
quently transferred into a 12-bit 
DAC register. A Clear pin resets 
the 12-bit DAC register to all zeros. 
The chip features a 2-ysec current- 
output settling time, a nonlinearity 
error of +% LSB max, and a differ- 
ential nonlinearity error of +1 LSB 
max. The device provides 4-quad- 
rant multiplication and operates 
from a single 5V power supply. Its 


Who makes LED IIluminators 


Data Display Products has the newest answer to plug- 


compatible replacement of incandescents. Our multi-chip LED 
illuminators provide more than 4 times the light output of the 
previously best available single chip LEDs. What's more, they 
have an average lifetime in excess of 10 years. 

Make the brilliant choice. Find out more about these power- 
ful additions to our high-efficiency LED product line. Call Data 
Display. TOLL-FREE (800) 421-6815. Within California, call 
(213) 640-0442. Free catalog. 


DATA 
DISPLAY 
PRODUCTS 


301 Coral Circle, El Segundo, CA 90245 
(213) 640-0442 TELEX 664-690 


INTERNATIONAL REPS; Argentina YEL SRL, PH: 541 46 2211, TLX: 390 18605 + Australia 
Ampec, PH: 02 7122466, TLX: 790 27136 AMPEC « Belgium /Holland Klaasing Elc, PH: 
01620 81600, TLX: 844 54598 KLBDNL » Denmark Radio Parts, PH: 01333311, TLX: 855 
19613 RPARTDK « France A Jahnichen, PH: 387 59 09, TLX: 842290714 « Israel R.C.MQ. 
Computers, PH: 03 485192, TLX: 922 342471 IL + Italy Microdata, PH: 0187 988182, TLX: 
8432 71353 » South Africa Liberty Elec., PH: 52 7637/8/9, TLX: 960 429435 SA + Spain 
Betatron, PH: 6932421, TLX: 831 23911 PCOE + United Kingdom Marl Int'|, PH: 0229 
52430, TLX: 851 65100 MARLG * West Germany /Austria Kuhn Gmbh, PH: 06235 5662, 
TLX: 841 464766 KUHND 
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Psst! Valid’s 78 ASIC design kits are 
c the best-kept secret 


Trademarks: SCALDsystem, ValidGED, ValidSIM—Valid Logic Systems Incorporated; IBM PC AT—International Business Machines Corporation; VAXstation II—Digital Equipment Corporation. 
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CMOS construction holds power 
consumption to 20 mW max. The 
device is a pin-for-pin replacement 
for the Analog Devices (Norwood, 
MA) AD7542 Series. HS7542JN, in 
a 16-pin plastic or ceramic DIP, 
$13.95 (100). 

Hybrid Systems Corp, Suburban 
Industrial Park, 22 Linnell Circle, 
Billerica, MA 01821. Phone (617) 
667-8700. 
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VIDEO DAC 


@ Combines three 8-bit DACs 
@ Includes a 256X24-bit color-pal- 
ette RAM 


The Bt458 video DAC integrates 
three 8-bit D/A converters and a 
dual-ported 256x24-bit color-pal- 
ette RAM on a single monolithic IC. 
By substituting one IC, you can 
upgrade your system from 4- to 
8-bit resolution. The device accom- 


modates the display of 1280x1024- 
pixel bit-mapped graphics at a 
60-MHz refresh rate. Onboard shift 
registers allow you to connect the IC 
directly to the frame-buffer video 
RAM, thereby eliminating the re- 
quirement for external ECL shift 
registers. The device accommodates 
a standard MPU interface for direct 
wP access to the internal control 
registers and color/overlay palettes. 
Four-to-one or five-to-one multi- 
plexed TTL pixel ports provide an 
interface to the frame buffer at 
rates as high as 32 MHz while main- 
taining the 125-MHz video data 
rates required by high-performance 


SPECIALIZED DISK 
DRIVE ALIGNERS 


From hard disk to 
floppy, we ve got 
the right equip - 
ment to diagnose 
and align your 
disk drives. 


TOLL-FREE FOR "YOu ! 
OG 1-800-527-51 
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LED sockets. 


Data Display Products is your best answer for heavy-duty 


color graphics. The converter dissi- 
pates 1.6W typ and comes in an 
84-pin grid-array package. Avail- 
able at operating-speed selections of 
125, 100, and 75 MHz, the converter 
costs $300, $265, and $238 (100), re- 
spectively. 

Brooktree Corp, 9950 Barnes 
Canyon Rd, San Diego, CA 92121. 
Phone (619) 452-7580. TLX 383596. 
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UART IC 


@ Provides control-character recog- 
nition 

e Incorporates two baud-rate gene- 
rators 


The 82510 asynchronous serial con- 
troller offers on-chip control-charac- 
ter recognition (CRR), which cou- 
ples with two independent, 4-byte 
transmit and receive FIFOs. The 
device’s two high-resolution baud- 
rate generators serve as general- 
purpose timers. You can also use the 


Our industry leading PS200W series allows a selection of 
operating voltages. Its flexible wire leads are a standard 6-inch 
length, 16 to 24 AWG gauges, or special orders available. 
They're a versatile design or replacement product that should 
rate first on your list. 

Make the brilliant choice. Call Data Display, the world leader 
in high-efficiency LED panel lamps. TOLL-FREE (800) 421-6819. 
Within California, call (213) 640-0442. 


DATA 
DISPLAY 
PRODUCTS 


301 Coral Circle, El Segundo, CA 90245 
(213) 640-0442 


INTERNATIONAL REPS: Argentina YEL SRL, PH: 541 46 2211, TLX: 390 18605 « Australia 
Ampec, PH: 02 7122466, TLX: 790 27136 AMPEC + - Belgium /Holland Klaasing Elc, PH: 
01620 81600, TLX: 844 54598 KLBDNL + Denmark Radio Parts, PH: 01333311, TLX: 855 
19613 RPARTDK « France A Jahnichen, PH: 387 59 09, TLX: 842290714 - Israel R.C.M. 
Computers, PH: 03 485192, TLX: 922 342471 IL« Italy Microdata, PH: 0187 988182, TLX: 
8432 71353» South Africa Liberty Elec., PH: 52 7637/8/9, TLX: 960 429435 SA- Spain 
Betatron, PH: 6932421, TLX: 831 23911 PCOE + United Kingdom Marl Int'l, PH: 0229 
52430, TLX: 85165100 MARLG « West Germany /Austria Kuhn Gmbh, PH: 06235 5662, 
TLX: 841 464766 KUHND 


TELEX 664-690 
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OFFSET OP AMP.. 


... to save you space and cost. 
Finally, the world’s Ue competely 


Please send me more information on the TSC911, single: | TSC913, dual: | TSC914, quad: 


PLEASE HAVE A SALESPERSON CALL ME [) 


Name Title 
Company Address 
City State Zip i 
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generators for split-speed opera- 
tion. The controller accommodates 
bit rates as high as 288k bps. The 
device has an on-chip crystal oscilla- 
tor and a software-configurable 
modem-control interface. In a 28-pin 
DIP, $10.56 (1000). 

Intel Corp, Literature Dept 
W-317, Box 58065, Santa Clara, CA 
95052. Phone (916) 351-5173. 
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SENSOR ICs 


@ Hliminate use of CdS cells 
@ Feature 50% hysteresis 


Both the ULN-3390D and ULN- 
3390T switches contain a photodi- 
ode, a low-level amplifier, a compa- 
rator, a voltage regulator, and an 
output driver. The sensors have a 
hysteresis value of 50% typ. They 
have temperature-compensated trip 
points and calibrated switching. 
The devices eliminate many draw- 


INCTIONAL BLOCK DIA 


backs of cadmium-sulfide cells, such 
as instability over temperature and 
unpredictable switching character- 
istics throughout a relatively short 
life span. The ULN-3390T comes in 
a clear-plastic 3-pin SIP; the ULN- 
3390D, in a 3-pin hermetically 
sealed top-viewing package. ULN- 
3390T, $0.48; ULN-3390D, $0.74 
(OEM qty). Delivery, 12 weeks 
ARO. 

Sprague Electric Co, Technical 
Literature Service, Box 9102, Mans- 
field, MA 02048. Phone (603) 225- 
2755. 
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A/D CONVERTER 


@ Provides 40-wsec conversion time 
® Consumes 15 mW 


The ADC0841 8-bit A/D converter 
features an onboard clock and specs 
a 40-sec conversion time. The con- 
verter comes in two accuracy 
grades: The ADC0841B specs total 
unadjusted error (including offset, 
full-scale, and linearity errors) at 
+% LSB, and the ADC0841C guar- 
antees total unadjusted error to 
within +1 LSB. You can configure 
the device as a memory location or 
as an I/O device. The differential 
inputs provide low-frequency input 
common-mode rejection and allow 
you to offset the analog range of the 
converter. In addition, you can ad- 
just the reference input to obtain 
reduced analog ranges having 8-bit 
resolution. The device operates 
with a 5V reference. It requires no 
zero or full-scale adjustment. Power 
consumption is 15 mW. In a 20-pin 


SPECIALIZED 
BREAKOUT 
BOXES 


From RS-232 to RS-449, 25 models to choose from, 
including V.35, Centronics and RS-422. 


We've got them all! 
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Free catalog. 


Which LED cluster illuminators are 


Data Display Products provides the answer you ve been 
looking for. The first LED illuminators actually brighter than 
equivalent incandescent lamps. 

The MX400 series Is totally plug compatible and allows 
operation at selectable voltages. Available with normal or wide 
angle configurations. In 4 colors (red, amber, yellow and green). 

Make the brilliant choice. Call Data Display. TOLL-FREE 
(800) 421-6815. Within California, call (213) 640-0442. 


DATA 
DISPLAY 
PRODUCTS 


301 Coral Circle, El Segundo, CA 90245 
(213) 640-0442 
INTERNATIONAL REPS: Argentina YEL SRL, PH: 541 46 2211, TLX: 390 18605 + Australia 


Ampec, PH: 02 7122466, TLX: 790 27136 AMPEC « Belgium /Holland Klaasing Elc, PH: 
01620 81600, TLX: 844 54598 KLBDNL + Denmark Radio Parts, PH: 01333311, TLX: 855 


Telex 664-690 


19613 RPARTDK « France A Jahnichen, PH: 387 59 09, TLX: 842290714 «Israel R.C.M. 
Computers, PH: 03 485192, TLX: 922 342471 IL « Italy Microdata, PH: 0187 988182, TLX: 
8432 71353 + South Africa Liberty Elec., PH: 52 7637/8/9, TLX: 960 429435 SA+ Spain 
Betatron, PH: 6932421, TLX: 831 23911 PCOE + United Kingdom Marl Int'l, PH: 0229 
52430, TLX: 85165100 MARLG « West Germany /Austria Kuhn Gmbh, PH: 06235 5662, 
TLX: 841 464766 KUHND 
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P&B’s T90 relay available for 


immediate delivery from stock 


Now you can design low cost 
power switching into your products 
with Potter & Brumfield’s T90 relay. 


Its small size and low coil power 
requirement (less than 1W) make 
the T90 the ideal printed circuit 
board mounted interface between 
your solid state devices and power 
loads. 


The T90 is available as an open- 
style relay, with an optional, 
snap-on dust cover or sealed to 
withstand immersion cleaning. 


The T90 series offers the combina- 
tion of features you’ve demanded 
for new generations of appliances, 
load management controls, busi- 
ness machines, HVAC equipment 
and similar applications. 

348 


Our totally automated production 
under tight process control assures 
you of consistent, high quality 
relays, minimizing your needs for 
incoming inspection. 
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For more details on the T90, call 
our toll free number for the name 
of your authorized Potter & 
Brumfield distributor or your local 
P3B sales representative: 
800/255-2550. 


Potter & Brumfield, 

A Siemens Company, 

200 South Richland Creek Drive, 
Princeton, Indiana 47671-0001. 


Regional Sales: Braintree, MA, 
617/848-6550; San Juan 
Capistrano, CA, 714/493-4503; 
Princeton, IN, 812/386-2130. 


8604A 
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DIP, $2.60; in a 20-pin plastic chip 
earrier, $3.25 (100). 

National Semiconductor Corp, 
Box 58090, Santa Clara, CA 95052. 
Phone (408) 721-6230. TWX 910- 
339-9240. 
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32-COLOR DAC 


@ Update rates to 20 MHz 
@ Includes three 4-bit DACs 


The AH8304TM video D/A convert- 
er contains a look-up-table memory 
and a complete 4-bit, 3-color com- 
posite-video subsystem. It provides 
individually loaded 32 x4-bit RAM 
cells, which allow you to define 32 
colors from a palette of 4096 colors. 
The device accepts data at rates as 
high as 20 MHz; it generates an 
RS-170/330/343 composite video sig- 
nal for direct connection to a color 
monitor’s input without additional 
synchronization or deglitching cir- 


cuitry. The converter dissipates 2W 
max. $76 (100). 

Analogic Corp, Centennial In- 
dustrial Park, 8 Centennial Dr, Pea- 
body, MA 01961. Phone (617) 246- 
0300. TWX 710-348-0425. 
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COMFETs 


@ Feature a fall time of 0.5 usec 
@ Typical rise time 1s 100 nsec 


The n-channel COMFETs (conduc- 
tivity-modulated FETs) have a fall 
time of 0.5 wsec. According to the 
manufacturer, this time is twice as 
fast as that of the company’s other 
COMFETs. The devices have a 
turn-on time delay of 10 nsec and a 
typical rise time of 100 nsec. Their 
high latching current prevents them 
from latching or remaining on when 
the current becomes excessive. 
450V and 10A devices, approximate- 
ly $2; 500V and 10A devices, ap- 


SPECIALIZED 
PRODUCTS 
CATALOG 


From electronic tool kits 
and production aids 
| to testand telecom 


equipment, over 
2,000 items 
inal! 


CALL TOLL-FREE FOR YOUR 
1986 CATALOG 1-800-527- 5018 


apie zie 


Ducts COMP 
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proximately $2.50 (OEM qty). 
RCA, Solid State Div, Rte 202, 
Somerville, NJ 08876. 
INQUIRE DIRECT 


Ka) when its 
hen power is 
y return to its 
protection for 
ttery chargers, 


Port City Industrial Park 

Box 787 | 

Muskegon, MI 49443 

Phone: (616) 777-2602 
TWX: 510-394-4130 
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et The Right 
Connection... 


Holmberg Cantilever Card 
Edge Connectors For Control. 


Holmberg delivers the highest quality 
Cantilever Card Edge Connectors...with 

- design innovations for guaranteed 
performance and cost-effective production 
for substantial savings. 


__ Available in all popular sizes from 6 to 

_ 60 positions, Holmberg connectors fit any 
industry standard printed circuit board. 

_ Our design ensures top performance with 
_ highly reliable cantilever contacts and 

_ proven insulator designs. And Holmberg 
| connectors offer the greatest variety of 
| - mounting and termination options. 
_ All of our manufacturing processes are 
_ performed under the Holmberg roof with 
the industry's most advanced 
..to guarantee 
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- Contact Holmberg... / 
_ The Right Connection. 


NEW PRODUCIS 


COMPUTER-SYSTEM SUBASSEMBLIES 


CPU BOARD 


© Supplies 4M bytes of RAM 
@ Provides Multibus I operation 


The SBE/MPU-20 board is a 68020- 
based computer that operates on 
the Multibus I. The board provides 
as much as 1M byte of dynamic 
RAM when you use 256k-bit RAM 
chips, or 4M bytes of dynamic RAM 


The high-speed dual-ported RAMs 
operate without wait states. The 
CPU runs at either 12.5 or 16.7 
MHz, and you can couple the CPU 
to an optional 68881 floating-point 
coprocessor chip that performs 
math operations. Serial I/O ports 
furnish full-duplex asynchronous, 
bit-, and byte-synchronous commu- 
nications. The parallel ports supply 
24 bidirectional I/O lines. Two 16-bit 
iSBX connectors let you expand the 
board to include interfaces for 
SCSI-based devices as well as a par- 
allel printer and a real-time clock. 
Without the 68881 chip, $1995. 
SBE Inc, 2400 Bisso Lane, Con- 
cord, CA 94520. Phone (800) 221- 
6458; in CA, (800) 328-9900. TWX 
910-366-2116. 
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INDUSTRIAL CPU 


@ Provides 44 I/O lines 
e Holds four optically coupled I/O 
modules 


Based on a Z80 CPU chip, the 
SBC-1 computer board provides 44 
bidirectional I/O lines, three 16-bit 
counters, and two RS-232C/422 
ports suitable for industrial applica- 
tions. It features 32k bytes of ROM 
and 32k bytes of RAM. Battery 


when you use newer 1M-bit devices. 


You Don’t Need a Thousand Words 
When You Have a Picture Like This! 


esteem 


The image quality 
demonstrated here Is re- 
quired by your customers... 
and will be appreciated! They 
expect THE BEST from original 
equipment manufacturers. 
You can provide it! While 
other video monitor venders 
claim, ‘about 100 + MHZ” 
video bandwidth, * Video 
Monitors, Inc. provides it! 
While other vendors Claim, 
“full gray-scale color capabili- 
ty,’ VMI delivers it! 


And if your customers or 
you need semi-custom or 
custom designs, VMI can pro- 
vide this service. These are 
just a few of the reasons why 
Video Monitors, Inc. should be 
your supplier of very high 
resolution monitors. 


' 3933 North White Avenue 
Eau Claire, Wisconsin 54703 
(715) 834-7785 


Large Image Area 


Er gonomic Design 


Unretouched photograph 
*3.5 NS max. rise & fall time measured at CRT cathode. 


State-of-the-Art Technology 


EDN November 13, 1986 CIRCLE NO 125 351 


Te VISIR Lif=S2 — | Pitts sees Psd 1G 
bi Pete Goin eae fies clotscnell So eWisltse siti if Cae i Meili SS 
Eyes : es [ES parton rer rors Ue SS oo Cae 

: ESapetm treed aa =A SiS = icy een AREeree Sisal PONS treaties 
: 2S i7ER eli mee (EEE 


reat in ae Oe ee ME Be 


SES eee einen SONS |= | a ET eet tee ete afetepe cea ort To GG ee : st 
2 Sete == Sa Agel eee eee 
Si Gane aajesctetsad fies ctodissrait  leibec —amme eSreO= iy comctise=ssiitce=ete 
pI lecieqe gets ite Gite: ais) ee Eiee; erqepestis) Biss I 5 ee (= man eseearee nai bale: = Tones | enc ae 
=4) PIES ia tates =] (el SSet ea fas =H Jimi Jigar soos ceases, if — = ne me ceac= qq Sa . 
= jodie eet ee ee =e [ean + + ae Sa (612 5 ee oe =i ma 
SHH Ie See 1 = = P= Saisie = = Sw Tie asloetmene: roto coer = Ei faeces 1 SUB teenie FF 
bee Gite Cire GE fine & roel alice waite Sale eS TSF: le ze SINT Sir co Bl a fT (ome i = 
p Hos iat epepees Gee armtarsiat aie Bistart torr} Hee EA pee goat} nm Sots at ae 
F ceeeengteneet ares | ie {ESia: S4(miRSisn. eo et nd sateaiil ten ical 
pn SJ IniE= ae ct i ceed — Sed — al tt ted (oot Gt plemmiag mean * cena a = —— 2S < bod amined “fe $ice fisaame = 
eae | =4lclF = Sehisier =. ines Seti egies: = SS SS 
D an miiclatrosnoyaiic i ROL or so) Sane GS Gyti re, (9 5 : ted ts Snore Site [ ue Here Ree we | 30 Cat a ame aoe : HEE ag == 
Biren Ede ae 6 tas qepee tis) relents | Rite le at Ceterteven is) ei {PERS Sees ce =i | Bae 4a Ci Teenie pin ree ee fl 
=e mFS Saertnest SAMIR Sea = =4 a ES n= sy auiemiell Sra cue So eee Ett ta boss fs ———— 
manana ARS Y= 2 eRe EE = = ees rsbeeienin nae Sarees eet renee eee RSs (2) ma ee a eS | Seen epee coe jmcisti \Gicne ts ae at 
TET [FS She =: rR ion Fancuaeeeg) SS aa) ae aes et ee = eisor— us ith igietre tons tr mes 
iiccellotsac em olotscacil ei Gls bow inpatie I a a Hee ile i= Peeediess eal eee ie 
Hem Soro mr Heche Pore tee ieee Gfesaereti eatece pit t= pe: i fossa 1 el cei ics 
eeeteces ASteeak isi PRikS ia wore =A (RS i to 4 — at aa fee 
SS oe Sa eiee 1 SR ea ene RG 91 wa oss oe feeniiey So a Sa SS ee ee ce] 6 ‘cae = 
So ess LS Se ee | (ee == {R= Sah Skee eer ee ies Lem ooe 2 2 Sas Tu aimiitson tt =e 
_ Giintaisowisfaia fereele (epesdehews (2) (ec bele See 7 ie 4 |_| fetta he — tr oio GH ee iy iy oa) 
Ha || [peas Dien Geren wee I rail =| pacer, a ear ipermteg|[eat iii Liga 
at tere fal pert pe =S4y=ik= = Saete He cre Sips eee! Lcseionrmanede amie? Oram ae me melgen= Sra See Joa al ee spel lt eee maeue sell 
SBE eae socmey SESE er a  t_] iste inate REIGN wos wesane ETHER 7 aaa EA es sy eee = ao 1 a GE HG = eS LO —S=: Taman eo (Semel: i: Se me eee (om 
SS ieee S| P= Sete SS ES See = = ts = Sst Sa orro-fes all fa Spa — So ee as = eon aster te Ree SCI 
yao oie thentis ae ide Gia aii ene ails ts tis Ben tt saree 8 Fe z Sared[esi aid P| ore a is fe Soteume 
q = = sie, ee i q Nai oS poe set PB fc Seatac shee 
pe Si Boe HoNS | Sh HESS = aD tele bes tei pieces 143 —— i Ee oes ee komen en set: i 
eres SA SIRS eeeeteees SIPS Serenata eI 3 = =H aijalife Sew — ee HE 
} REREE nan ene ARON 1S ee BE SEES cess came BSEGR i Te tSte ma iemess) EES oe eae BS Se a en kth ee —— =: on Se 
ee SS == = : : * 
Spenisine =|] = et = fire Sore 3 4 Eete ete 
Sais cet oa - jewels! Sis ec ete — (eee: ai Miri = [ Nenmetin & a ma as fest itr faa 
D CEH SPSS HE CMIGSH SFO He CHIE EH Ce nora | | fe: =| ao ewe ete ponte eet a : 
Sjeerress SARS Seats S4 P| ES Serer SA BS Sl Seow mid See Sa GS Sie rats ce se oy fate ae et 
et se ee Go et tt et — Late — Lata — te ee _—! fe ieee Fee Ea mureaee ely ia 5h as ramets = 
q Si bis iil cid walclinwad Paros lor tee aa an Sid =e ; Ghar pat saisy =a iz Ae — 


2 eee fate as antes 


" 
atte Pee zis rice aria : 
A t Sid 
ery es renic| feet jot teaatta sara |Pu 
aay es; Ht 7 = Aaa er Es Best o: iS ig7te: es ae i estiaceememenies Lal head iasiiimcvssemrcatmrck, ; i HE i 
Te ak Hiei = 5 =F rie seas Rea tetany Sierlcatecz eesti eee ere SE GIBieiat 

eg LE i ia | a FY QI SENT | A ER Sagas mg a 


RESET BSE FARE 
Dt conunanat i cnidtitiincusaanecnsltes nasasasdbeme TE § ee TOS 5 Amended 
‘aaa [ Semaemener # seer | 6 i 
11} Somametmemmsatnass | Goumem 7 oncommemect 1 Rummemercarimerctes ) & faim [¢ mmatmon winas J Ha 
- BIE 


LeLeKeks [e¥eEedeLe Ro oXeDols (oEeKePelePeEeEeEed*EeL=Eefs tele qanonasososooopeS sXoFoEsToNeE=Ts¥eToEsPo¥eT= Ee] of Rs Jf se R18 SUT BS LS (RC ont Etse 


agey Gi é 
Se Et ~ ————— ‘EEQRUUE AOR HEISE RSET SSIES .~ ESS SENS | -_ EASE Raemeeeseetoeee . ———— i comer jas ¢ mane Fo: Ba i Sti 


~ CALCOMP'S 
RESOLUTIONARY ADVANCE 
IN ELECTROSTATIC 
COLOR PLOTTERS. 


Vivid color comes to high Registration is unmatched. new standard in accuracy and 
resolution electrostatic plotters. Our patented electronic system reliability. 

CalComp introduces its new registers each pass without And your maintenance will 
9800 Series. Resolution is up any mechanical adjustment. be minimal due to CalComp’s 
to four times that of any other Simply, there are no moving exclusive Enviroclean™ toning 
color electrostatic plotter—an parts so you are assured of a system. Extensive diagnostics 


incredibly sharp 160,000 dots- 
per-square-inch. The result 

is better definition, sharper 
lines and a smoother transi- 
tion of colors. 

Unlike other electrostatic 
plotters, the 5800 Series fea- 
tures random vector input. This 
eliminates the need for add-on 
controllers that take up extra 
space. And the 5800 provides 
internal rasterization and color 
separation to offload the host 
computer and increase plot 
throughput. 


are built right in. And each 
plotter is backed by CalComp’s 
worldwide field service 
network. 

For a closer look at these 
resolutionary plotters, write 
CalComp, P.O. Box 3250, 
Anaheim, CA 92803. Or call 
1-800-CALCOMP. 


CALCOMP 


A Sanders Company 
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backup is available for the RAM and 
the optional onboard real-time 
clock. You can mount four optically 
coupled I/O modules directly on the 
board. An iSBX connector lets you 
expand the board by adding I/O 
devices, such as A/D- and D/A-con- 
verter modules. Optional software 
includes Forth and a multitasking 
Basic. $550. 

Can-Tron, Box 51515, Pacific 
Grove, CA 93950. Phone (408) 649- 
8041. 
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SERIAL INTERFACE 


@ Provides four ports 
@ Operates on the G-64 bus 


The GESSIO-2 board supplies four 
independent MC6850 asynchronous 
communications interface adapter 
(ACIA) chips that drive RS-232C- 
compatible I/O devices, such as 
modems, terminals, data-acquisition 


to production—design, 


molding, assembly—we can turn on a dime to meet 


your changing needs. Challenge us. 
Call Today: 818-791-5600. 


PDIGITRFMT 


A DIVISION OF XCEL CORPORATION 
3100 New York Drive, Pasadena, CA 91107 
See us at Wescon, Booth #’s 1618 & 1620 
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systems, and other equipment that 
contains a compatible serial I/O 
port. An onboard crystal oscillator 
lets you program the bit rate for 
each ACIA chip from 50 to 19,000 


WSI CMOS RPROMs break away with 
bipolar speed and milliwatt low power. 
WSI’s high-density Reprogram- 
mable PROMs feature access times 
as low as 40 NS. in 2K x8 to 8K x8 © 
architectures. Matching the speed of © 
your favorite bipolar PROM. But clev- * 
erly designed to offer EPROM repro- 
grammability in less than 16 sec. and 
low power consumption too. 

So don’t let RPROM technology pass you ™ 
by. Call the WSI team today, at (800) 331-1030, 
ext. 234,or in CA. (800) 323-3939, ext. 234. Wafer- 
scale Integration, Inc., 47280 Kato Road, Fremont, 
CA 94538, (415) 656-5400 


L/aeer/cace 


bps. The board operates with 8- or 
16-bit wPs, such as the Z80, 6809, 
68000, and 80286, which are avail- 
able on G-64 Bus-compatible cards. 
The serial-interface card occupies a 
single-height Eurocard slot in G-64 
Bus computers. $375. 

Gespac Inc, 100 W Hoover Ave, 
Mesa, AZ 85202. Phone (602) 962- 
5559. 
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SERIAL CONTROLLER 


@ Provides synchronous and asyn- 
chronous I/O 

@ Operates on DDN and MAP 
networks 


The Adcom2-I intelligent-communi- 
cation controller lets an IBM 
PC/XT, PC/AT, or RT PC communi- 
cate with serial devices that require 
asynchronous, synchronous, bisync, 
HDLC/SDLC (high-level data-link 
control/synchronous data-link con- 


G RoR 1 
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_TO PLUG IN 
THOUSANDS OF COLORS. 
FOLLOW OUR LEAD 


— Ourprogrammable D, 
80MHzin the IMSGI71 and IMSGI, 
____ The IMSG170 family gives you hi 
with three 6-bit DACs, 75Q drivers and 


INMOS, Colorado Springs, Colorado, Tel. (303) 630-4000: 
Bristol, England, Tel (0454)616616: 
Paris, France, Tel. (1) 46.8722.01. 
Munich, Germany, Tel. (089) 319 10 28: 
Tokyo, Japan, Tel. 03-505-2840. 


Crayola and serpentine design are registered trademarks of Binney & Smith, Inc. Used with permission. _inmos, and IMS are trademarks of the INMOS Group of Companies. 
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trol), or X.25 protocols. Thus, the 
board communicates with Defense 
Digital Network (DDN) systems, as 
well as with devices that operate on 
MAP (Manufacturing Automation 
Protocol) networks. You can pro- 
gram the communications data rates 
from 75 to 64k bps. Serial-interface 
options include RS-282C, -422, and 
-423, and MIL-188 and V.35 inter- 


mos 


ne in the industry! More 
codes than anyone. More custom design capabilities 
for commercial and military applications. Call today 
for Digital Switch Catalog: 818-791-5600. 


faces. The board supplies an 80188 
CPU and as much as 512k bytes of 
RAM; it operates with a variety of 
communications software packages 
from both the manufacturer and in- 

dependent vendors. From $1495. 
Frontier Technologies Corp, 
Box 11238, Milwaukee, WI 53211. 
Phone (414) 964-8689. TLX 550680. 
Circle No 403 


FRAME GRABBER 


@ Operates in real time 
@ 5-bit color resolution 


By capturing a video image in “o of 
a second, the PC-1500 frame-grab- 
ber board lets your IBM PC, 
PC/XT, PC/AT, or compatible com- 
puter acquire images in real time. 
The board obtains video information 
from RS-170 or -330 signals and 
provides a 512X512- or 768x512- 
pixel array of video data to your 
computer. The board captures ei- 


WSI CMOS EPROMSs speed 
past the competition. 
Our family of EPROMs gets 
you on the fast track,and gg 
keeps you there. With archi- % 
tectures that range from 8K x 8 
to 16K x 16. WSI EPROMs feature 
access times as low as 55 NS. Leav- 
ing systems with wait states in the dust. 
Programming only takes 16 seconds or 
less. Plus you get 200 MA of latch up protec- 


ther color or monochrome images. 
In its color mode, the board digit- 
izes each red, blue, and green color 
signal with 5-bit resolution. The 
monochrome mode lets you acquire 
two images at once, each having a 
resolution of 8 bits per pixel. A 
menu-driven software package lets 
you capture, store, and retrieve im- 
ages. The manufacturer provides 
technical documentation and a li- 
brary of utility programs. From 
$1295. 

Chorus Data Systems, Box 370, 
Merrimack, NH 03054. Phone (603) 
424-2900. 
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tion and a minimum of 2000 V of ESD protection. 
WSI’s family of EPROMs can now turbo charge 
your system to put you ahead of the pack. To find 
out how you can zoom past the competition, call 
us at (800) 331-1030, ext. 234, orin CA (800) 323- 
3939, ext. 234. Waferscale Integration, Inc., 47280 
Kato Road, Fremont, CA 94538, (415) 656- 5400 
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See us at Wescon, Booth #’s 1618 & 1620 
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ROCKWELL 


_SEMICONDUCTOR 
_ TECHNOLOGY SOLVES. 


TA/CEPT IMPLEMENTATION - 
~~ “INACMOSCHIP 


* & 


Replace up to 100 MSI 
devices with the world’s first 
single-chip PCM transceiver. 


Designed for worldwide 
primary rate applications, 
the R8070 from Rockwell 
International is a telephony 
breakthrough. This single- 
chip solution accommodates 
all primary telephone carrier 
requirements in both North 
America and Europe. The 
R8070 T-1/CEPT operates 
with AT&T extended framing, 
Clear Channel, and European 
CEPT formats. 


Save on power, design engi- 
neering and component costs. 


As a single-chip, CMOS 
transceiver, the R8070 mini- 
mizes board space require- 
ments with its VLSI imple- 
mentation. It significantly 
reduces power consumption, 
saves on component costs and 
reduces engineering design 
investment as well. To find 
out how the R8070 can help 
you build your next genera- 
tion T-1/CEPT communications 
system, talk to your Rockwell 
distributor or sales representa- 
tive or send for complete tech- 
nical literature today. 


Semiconductor Products Division 
Rockwell International, P.O. Box C, 
M.S. 501-300, Newport Beach, CA 92658-8902 
(800) 854-8099. In California (800) 422-4230, 


\ 


..where science gets down to business 


Rockwell 
International 


Aerospace / Electronics / Automotive 
General Industries /A-B Industrial Automation 
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DISPLAY ADAPTER 


® Compatible with the EGA 
® Occupies a short slot in PCs 


Requiring only a short slot in an 
IBM PC, PC/XT, or compatible 
computer, the Micro Enhancer card 
is compatible with the IBM En- 
hanced Graphics Adapter (EGA). 
The card runs color graphics on an 
enhanced monitor and monochrome 
graphics on a monochrome monitor. 
Color graphics software requires 
256k bytes of screen memory; mono- 


g 


A DIVISION OF XCEL CORPORATION 
3100 New York Drive, Pasadena, CA 91107 


chrome graphics software requires 
64k bytes of screen memory. The 
card provides a 640X350-pixel dis- 
play and lets you select as many as 
16 colors from a palette of 64 colors. 
Using the manufacturer’s menu- 
driven software, you can change dis- 
play modes and monitors without 
having to access the board physical- 
ly. $499. 

Everex Systems Inc, 48431 
Milmont Dr, Fremont, CA 94538. 
Phone (415) 498-1111. 
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SCSI ADAPTERS 


® Control SCSI- and SASI-compat- 
ible peripherals 
® Operate as targets or as initiators 


By using either the SCSI or the 
SCSI-CP board, you can upgrade a 
Multibus I computer board so that it 
controls SCSI- and SASI-compati- 
ble peripherals. Both boards plug 


not ours, on low volume runs. Full alphanumerics. 
64 KHz scan rates. 1040x1040 lines. 9”, 12”, 14” 
monochrome monitors in kit, chassis and cabinet 
configurations. Model 300 DMX from $186 in OEM 
quantities. Call today: 818-791-5600. 


contact 


See us at Wescon, Booth #’s 1618 & 1620 
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1: Matrix, 2 out of 7(8) 
m 3,000,000 operations per button 
For FREE literature, with specifications and prices, 


into the Multibus I computer’s iSBX 
connector and let you choose either 
programmed-I/O, pseudo-DMA, or 
true-DMA operations. The larger 
SCSI-CP board includes clock/calen- 
dar circuitry and a buffered printer 
port. The clock runs in either a 12- 
or a 24-hour mode, and a battery 
backs up the circuit for as long as 10 
years. You can use the clock as an 
alarm, or youcan use it to generate 
periodic interrupts. The Centron- 
ics-compatible printer port provides 
a 132-character FIFO buffer that 
allows you to produce an entire line 


| andard or 
ustom 
3x4,4x4,5x4 
_ formats 
, of SP/common bus circuitry 


fs 


‘I 
pen ty hes 561 Hillgrove Ave., LaGrange, IL 60525 


Phone (312) 354-1040 « TWX 910-683-1850 
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at one time. This operation reduces 
the amount of interrupt-processing 
time that’s required to control the 
printer. SCSI, $165; SCSI-CP, $320 
(100). 

SBE Inc, 2400 Bisso Ln, Con- 
cord, CA 94520. Phone (800) 221- 
6458; in CA, (800) 328-9900. TWX 
910-366-2116. 
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Oak rockers fit your design 
parameters. Choose from miniature, 
single and double pole, lighted and 
non-lighted varieties, in an assort- 
ment of colors and styles. Off-the- 
shelf capability means prompt 
delivery. Our rockers are designed to 
retrofit most existing switches and 
are UL, CSA and VDE approved. 


Oak rockers fit your quality 
standards. Our half century of 
switch experience is your assurance 
of peak product performance. 


Oak rockers fit your budget. Manu- 
facturing know-how enables us to 
deliver the top quality rockers you 
need at a price that will make you 
more competitive. Specify the rocker 
switches that will fit all your require- 
ments. Specify Oak rockers. 


OAK 


Quality & Affordability 


FOR SALES CALL CIRCLE NO. 4 
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IMAGING BOARD 


@ Provides real-time operation 
@ Furnishes 1M byte of RAM 


Operating on the VME Bus, the 
VIP-1024 real-time image-acquisi- 
tion and -display board provides 1M 
byte of image memory. The board 
includes an 8-bit flash A/D convert- 
er that digitizes RS-170, -330, or 


OAK Switch Systems Inc. 


P.O. Box 517 @ Crystal Lake, Illinois 60014 
Phone 815/459-5000 @ TWX 910-634-3353 


FOR LITERATURE CIRCLE NO 43 


CCIR (International Radio Consul- 
tative Committee) composite-syne 
TV-camera signals. The board also 
obtains image data from CCD 
(charged coupled device) cameras. 
It displays images in either a 
640 x 480- or a 512X512-pixel image. 
Output look-up tables let you select 
as many as 256 pseudocolors from a 
palette of 16.7 million colors. A vid- 
eo-keying circuit lets you mix an 
incoming video signal with an image 
in the board’s buffer memory. You 
can also overlay text, graphics, or a 
cursor on a video image. $2995. 
Matrox Electronic Systems Ltd, 
1055 St Regis Blvd, Dorval, Que- 
bec, Canada H9P 2T4. Phone (514) 
685-2630. TLX 05822798. 
Circle No 407 


DT7010 
Floating-Point Array Processor 


ARRAY PROCESSOR 


® Operates at 6.5M flops 
®@ Supports 32-bit floating-point 
math operations 


Featuring IEEE P754 floating-point 
values, the DT7010 array processor 
runs at 6.5M flops. The board runs 
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For OEM Business: 
* No Minimum Order 
* Prototype in 30 Days 

* Production in 30 Days 


Taipei, office: Attention: K. F. Hsu 
TEL: (02)764-2168, 768-6504 

FAX: (02)886-2-768-3933 

TLX: 20609 SKYECL 

USA Branch: 

Northern California: 

Attention: Robert Liu 

TEL: (408)943-9373, 943-9374 

FAX: (408)943-9092 

TLX: 5106006761 SKYNET 


Southern California: ATTN: Mr. Winston Gu 


Tel: (818)888-6242 Telex: 294582 
Fax: (818)888-5239 


THE SWITCHERS EXPERT 
VDE 1435 @ A 3 


oe 


LR57450 ~=E91240 


USA Associate: DELTRON INC. (Attn: Jack Phillips) 
TEL: (215)6999261 » 
FAX: (215)6992310 | = 


TLX: 5106618061 DELTRON UD 190 
U.K. Distributor: AKHTER COMPUTER GROUP y Wor: onow 


TEL: (0279)443521 c° O° 
FAX: (0279)442623 > wee got Sage 
TLX: 818894 AKHTER G — ‘2 62> A 
France, Switzerland and Belgium Distributor: A \3 

AK ELECTRONIQUE LE 

TEL: (1)45755353 Me. mv oe 
FAX: (331)45779998 ee VV “I 


TLX: 202288F 
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on an IBM PC, PC/XT, PC/AT, or 
on a compatible computer. It fits in 
a single expansion slot. An onboard 
address generator lets the board 
calculate memory addresses for spe- 
cialized tasks, such as digital filter- 
ing and matrix operations. The 
board provides memory for 8k float- 
ing-point values. A 2kx56-bit mic- 
rocode memory stores microcoded 


New Pressure Sensors 


Beat the Heat. 


routines that you call from the man- 
ufacturer’s Mach vector-subroutine 
library. The subroutine library in- 
cludes 115 routines that you call 
from either C or Fortran programs. 
In addition, you can develop your 
own microcoded routines with the 
Mach assembler and simulator soft- 
ware packages. DT7010, $4995; 
Mach vector-subroutine library, 


Conquer the Cold. 


The new SCX series of pressure 
sensors offers unbeatable perfor- 
mance — hot or cold! Features 
include: 

¢ Guaranteed precision over 
temperature: 1% Max! 

¢ Calibrated zero: 300 microvolts 
Max! 

¢ Calibrated span: 1% Max! 

¢ 26 models. From 0-1 psi up to 
0-100 psi for absolute, differential 
Or gauge measurements. 

While others write articles and 
make promises about their “future 
low-cost precision pressure sen- 
sors... Sensym delivers today... 


with prices starting at $15/100 pcs. 
And if you're 
prototyping now, 
besuretoask  g¢ 
about our 
“instant” eval- 
uation board. 
Call us today. 


1255 Reamwood Avenue 


é 
Sunnyvale, CA 94089 


(408) 744-1500 TELEX: 176376 
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$1495; assembler and simulator, 
$1495. 

Data Translation Inc, 100 Locke 
Dr, Marlboro, MA 01752. Phone 
(617) 481-3700. TLX 951646. 
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VISION SYSTEM 


@ Recognizes characters 
® Provides vision-software tools 


Residing on a 18X15-in. pe board, 
the 2000/VP forms the hardware 
portion of a complete vision system. 
An image digitizer acquires 
276 X 448-pixel images with a resolu- 
tion of 64 gray levels. Onboard 
memory includes 2M bytes of dy- 
namic RAM and 32k bytes of non- 
volatile RAM. You can place on the 
board either 512k bytes of EPROM 
or a controller for 800k bytes of 
floppy-disk storage. A 68000 uP 
chip and a proprietary vision-co- 
processor chip manipulate images 
on the board. Communications with 
a host computer take place through 
one of three RS-232C I/O ports. 
Digital I/O ports are also available. 
The system includes software tools 


for character recognition and for 
locating and inspecting objects. The 


manufacturer also supplies standard 
image-processing routines for high- 
pass and lowpass filtering. A com- 
plete development system lets you 
use an IBM PC for programming, 
debugging, editing, and backing up 
software. The manufacturer pro- 
vides a library of vision routines 
written in C. Cognex 2000/VP, 
$7500 (50); development system, 
$40,000. 

Cognex Corp, 72 River Park St, 
Needham, MA 02194. Phone (617) 
449-6030. TLX 948022. 
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Reducin “gee product costs 
could be as Sumple aS 
pushing the right buttons. 


Or it can get as 
’ involved as supply- 
_ing a finished sub- 
ustom-molded buttons, 
plate, keylock, PC board, 


- When it comes to saving you money 
without sacrificing product performance, 
we can be very flexible. 

To learn more about how we can 
work with you to reduce total costs, or 

yr . improve product performance or appear- 
1 add. eiotract or een ance, ask for our new brochure. Call us 
andard pushbutton features to at 815-235- 6600, ext. 610. Or write © 


minate manufacturing steps. Reduce MICRO SWITCH, Freeport, IL 61032. 
inventory requirements. Or lower com- 


ponent costs. Together, we can find the answers. 
Sometimes it’s as simple as leaving _ _ 
out features like audible feedback or UL MICRO SWI 


listing when they re not needed. aHoneywell Division 
‘STOP BY AND VISIT US AT BOOTH #2388 DURING WESCON 86 IN ANAHEIM — 
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enhancements on one Chip 


Every two weeks, EDN shows you how to 
use and apply new products and technology. In 
short, how to design. 

Through staff-written reports, Designer’s 
Guides multi-part features, and contributed appli- 
cations articles, EDN brings you “technology in 
depth.” And it’s what sets EDN apart as the pre- 
mier applications-oriented publication among 
design engineers and engineering managers in the 
electronic OEM. 

As proof, youchose EDN as the most useful 
electronic engineering publication in a whopping 
24 out of 25 independent reader preference studies 
in 1985. 
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Now, EDN shows you in even greater depth 
than before what new products are available to 
design with. With EDN Product News. 


Ina tabloid format, EDN Product News 


mails monthly toEDN’s U.S. and Canadian circu- 
lation. It is designed to help you select new com- 
ponents, equipment, and systems. And to 
complement EDN, which continues to provide the 
first rate editorial that has made it first among 
electronic engineering publications. 


EDN and EDN Product News. 


Bringing you complete coverage of the design and product selection process. 


Cahners Publishing Company 


A Division of Reed Publishing USA 


Specialized Business Magazines for Building & Construction, Electronics & Computers, Foodservice, Manufacturing, Book Publishing & Libraries, and Medical/Health Care. 


Cahners Building * 275 Washington Street * Newton, MA ¢ 02158-1630 « (617) 964-3030 
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Not just another face 


in the crowd. 


[.5, Military Gale 


The UTD family from UTMC sets 
itself apart from the crowd. It’s 
attracting attention with high speed 
and density wrapped into a rugged 
gate array designed specifically for 
military and aerospace applications. 
By specifying our UTD 
family, your system will stand out 
with performance advantages made 
possible by 1.25p effective 
channel length and sub-nanosecond 
gate delays. And you have more 
than 11,000 useable gates with our 
patented continuous-column 
architecture making it one of the 
densest 1.5 military arrays 
available. 


364 


The UTD series uses proven 
double-level-metal CMOS tech- 
nology and is screened to selected 
tests in MIL-STD-883C. 

This family is available for 
design now using UTMC’s 
proprietary VAX™-based 
HIGHLAND™ CAD system. And, 
we offer our design tools free of 
charge when you design with our 
gate arrays. 

At UTMC, we recognize your 
individual needs and support them 
with fully-equipped design/service 
centers and applications experts 
in Boston, Los Angeles, and 
Colorado Springs. 


CIRCLE NO 273 


Tdy. 


Take a closer look at our 
1.54 CMOS military gate array. 


We’re not just another pretty face. 


Product Marketing 
United Technologies 
Microelectronics Center 
1575 Garden of the Gods Road 
Colorado Springs, Colorado 80907 
1-800-MIL-UTMC 
Boston Design Center 

(617) 890-8862 
Los Angeles Design Center 

(213) 338-0008 


Ny UNITED 

Sw TECHNOLOGIES 
MICROELECTRONICS 
CENTER 
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NEW PRODUCTS 


INSTRUMENTATION & POWER SOURCES 


POWER METER 


® Covers frequencies from 100 kHz 
to 110 GHz 

@ Internal, NBS traceable 
calibrator 


The Model 4300 multichannel power 
meter handles as many as six fully 
independent, plug-in input chan- 
nels. The instrument has a built-in 
30-MHz calibrator that is traceable 
to the National Bureau of Standards 
(NBS). It can simultaneously moni- 
tor, display, manipulate, and output 


measurements over a dynamic 
range of —70 to +33 dBm. Individu- 
al coaxial sensors cover frequencies 
from 100 kHz to 26.5 GHz; wave- 
guide sensors range from 18 to 110 
GHz. It can also store calibration 
factors for 20 different sensors. 
$6325. Delivery, eight weeks ARO. 
Boonton Electronics Corp, 791 
Route 10, Randolph, NJ 07869. 

Phone (201) 584-1077. 
Circle No 410 


PROTOCOL ANALYZER 


@ Monitors both voice and data on 
ISDN links 

® Syomulates multiple channels with 
one wnstrument 


The Chameleon 32 protocol analyzer 
handles the ISDN protocol, as well 


as other protocols such as the X.25, 
HDLC, SNA/SDLC, and Bisyne. It 
can simulate multiple channels with 
one instrument. The analyzer di- 
rectly connects to either a 1.544M- 
or a 2.048M-bps ISDN primary-rate 
interface. You can insert and extract 
information from any 56k- or 64k- 
bps time slot in the bit stream. In 
addition to its Sony Trinitron color 
display, the instrument has a 144k- 
byte capture buffer, a 1.5M-byte 
RAM, a 20M-byte hard disk, and 


R Power PRODUCTS MFG. 


nant transformers (V1) | 


amination core transformers, OEM design linear and switching 


produced on production lines equipped with computerized test and quality control system. 


DIO MFG. CO., LTD. 


cy 
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Design Capability of Switching Power Supply | 


~ LR57416 
LR50827 
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INSTRUMENTATION & POWER SOURCES 


three Multibus expansion slots. The 
company offers preprogrammed 
verification tests for selected proto- 
cols. $21,900. 

Tekelec, 26540 Agoura Rd, Cala- 
basas, CA 91302. Phone (818) 880- 
5656. 

Circle No 411 


POWER ANALYZER 


@ Stores one month’s worth of pow- 
er-line disturbances 

® Captures state of eight auxiliary 
inputs 


The Series 656 power-line analyzer 
can store as much as one month’s 


disturbance data. It monitors sin- 
gle- and 3-phase ac power lines as 
well as eight additional de inputs 
from auxiliary sensors. The unit’s 
touchscreen allows you to zoom in 
on any portion of a captured wave- 
form. The instrument condenses 
readings into standardized reports, 


- and you can store the raw data and 


reports on a built-in floppy disk. 
$9750. Delivery, 60 days ARO. 
Dranetz Technologies Inc, Box 
4019, Edison, NJ 08818. Phone (201) 
287-3680. 
Circle No 412 


DC/DC CONVERTERS 


@ 75% efficiency at full load 
@ Single output of either 5V at 36A 
or 12V at 12A 


The DC-150-S-5 and DC-150-S-12 
switch-mode power supplies offer 
75% efficiency at full load as well as 
input reverse-polarity protection 


and output overvoltage and overcur- 
rent protection. Holdup time from a 
48V input at full output is 20 msec. 
Input-to-output isolation is 100 MQ 
at 500V. The devices meet 
RCA143A and BTR2511 specifica- 
tions, FCC part 15 class 1 and 2. 
Single output of either 5V at 36A or 
12V at 12A is available, with +10% 
output adjustment and +2% total 
regulation (including line, load, and 
temperature variations). Output 
noise is 50 mV p-p and 100 mV p-p 
above 20 MHz. The devices operate 


SRAMs. The By 


Whether your need is 8Kx8, 128K x8 or in between, EDI can supply JEDEC, Full-CMO: 
EDI, the pioneer in space-saving memory module technology, offers the fastest (to 20ns 
Cost conscious? 32Kx8 and 128Kx8 modules are available in plastic SOP packages for 


For fast service call T&T Products 


-1-800-MIL-CMOS 


- EDI's exclusive distributor (305-897-2282 in FL) | 


Blectronic Destoes te 35 South Sireer. Hopkinton, MA 01748, USA, Telephone (617) 435-9077, TELEX 948004 
Electronic Designs Europe, oes House, The Avenue, Lightwater, Surrey GUI8 5RF, U.K. Telephone 0276 72637, TELEX 85832 
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ELECTROCHEM) ESBHI-C 
lithium “C” 
size batteries 
Series Model | 
sere 3870 Tapered beam > 
CSC93 3B30 fittings 4 
RMM150 3B90 / 


and all other standard 
size “C”’ batteries. 


Eyelet or screw 
mounting holes 


U.S. PATENT 4,495,257 | 


Stainless steel 
nickel plated 
terminals 


TAB VERSION 
Terminal Layout 
for Quick Connect 


3/16" 3/64" 
1/16" t S Dia. 
T 9/32" thru 
apered hole 
Beam 
54” 


Here's the 

data you 

need on AC 

powe! for ATE 

systems, laboratories, 

test facilities, robotics, quality control, data processing 
and more. It’s all in our new full color catalog that 
features hundreds of AC Power Sources and Uninterrup- 
tible Power Systems. Call or write for your free copy. 


(805) 684-8311 COLLECT 
BEHLMAN 1142 Mark Avenue 
[~~ 


Engineering Carpinteria, CA 93013 


Electronic Energy Conversion Sources & Systems 


Molded of Valox® 
resin UL94V-O—__ 


Fittings 


Outline of battery and 
neg/pos indication 


Positive locating nub 


Positive locating nub —— 
The battery holder can be mounted in any position and is designed 
to keep battery secure and in place at all times. It is ideal where 
shock and vibration are encountered. Also accepts NiCd, carbon, 


carbon-zinc and alkaline cylinder cells. Efficient, economical. 


®VALOX is a Registered Trademark of the General Electric Company 
For details of complete line call or write. Custom holders available. 


S| Memory Protection Devices inc. 


320 Broad Hollow Road, Farmingdale, NY 11735 @ 516-454-0340 
CIRCLE NO 134 CIRCLE NO 135 


tewide Bunch. 


Static RAMs for Military, Industrial and Commercial applications. 
the biggest (to 4Mbit) and the most extensive line of SRAM modules. 
ommercial and Industrial applications. Send for a new shortform today. 


TAD 


The future. ..today. 


CIRCLE NO 136 
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Precision Lamps 


Miniature & Subminiature 


Your most demanding specifications for 
miniature and subminiature lamps come 
brilliantly to light at Welch Allyn. Over 
twenty-five years of innovative lamp experi- 
ence put complete design, prototype and 
manufacturing capabilities to work for both 
standard and custom lamp applications. 

More than 140 standard vacuum, gas- 
filled and high-output halogen lamps are 
available in a wide range of electrical char- 
acteristics, bases and lens configurations. 
Our experienced design engineers can cus- 
tomize lamp size, shape and performance 
to meet your needs—precisely, reliably. 

Whether you require a few special lamps 
or a large quantity production run, Welch 


Allyn offers flexible, cost-effective manu- 
facturing from hand to fully automated 
processes. 

For precision lamps that perform precisely 
to your application needs, contact Welch 
Allyn Lamp Division. 


WA 


Welch Allyn 


Jordan Road, P.O. Box 187 
Skaneateles Falls, New York 13153-0187 
Phone: (315) 685-8945 TWX 710 325-435 


Bringing your bright ideas to light. 


CIRCLE NO 137 
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over a range of 0 to 70°C. Less than 
$300 (500). Delivery, stock to eight 
weeks ARO, depending on model. 
Stantel Components Inc, 636 
Remington Rd, Schaumburg, IL 
60195. Phone (812) 490-7150. TWX 
910-291-1280. 
Circle No 413 


PLUG-IN SUPPLIES 


@ Hliminate additional UL or CSA 


testing for design modification 
@ Reduce heat buildup 


This line of external, unregulated, 
de power supplies features outputs 
as high as 20W at voltage levels 
from 8 to 28V de. When you use the 
supplies, you can modify your de- 
sign without resubmitting your 
product for UL or CSA testing; the 
power-conversion feature reduces 
heat buildup. The outputs have 
floating polarity. The instruments’ 
terminations include a molded-plas- 
tic case with a built-in 3-prong 
NEMA plug, a 6-foot cable with a 
3-prong NEMA plug, and a modular 
jack. The supplies operate over 0 to 


40°C, and they’re capable of 
ground-through connection. $6 
(OEM aqty). 


James Electronics Inc, 4050 N 
Rockwell St, Chicago, IL 60618. 
Phone (812) 463-6500. TWX 910- 
221-5034. 

Circle No 414 
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Protection 
where it’s needed 


EAO believes you shouldn’t have to sacrifice good looks or 
panel space to meet a tough environmental spec. 


That’s why we make 4 complete lines of sealed switches 
that combine rugged construction with great looking 
designs. 


EAO’s sealed switches not only meet oil/watertight stan- 
dards but also block out contaminants such as sulphides 
from paper products and solvents used during washdowns. 
Plus EAO’s sealed quality is available with many options in 
pushbutton, rotary lever or keylock models. Protection for 
any application. 


EAO protection comes in three series of panel mounted 
controls: the 14, the 51 and the heavy-duty oil/watertight 
Series 04 plus our new Series 98: the only completely sealed 
low-profile keyboard switch on the market. 


EAO SWITCH. You can feel the difference. 


P.O. BOX 552, MILFORD, CT 06460 203/877-4577 
TLX EAO SWITCH MFRD 964347 


WESCON BOOTH #2433-5 
CIRCLE NO 139 
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3000V CONVERTER 


@ Mounts on a pc board 
@ Shielded version available 


Model VH30 is a modular, encapsu- 
lated de/de converter that provides 
900 to 3000V de at 3W. The device 
operates over the —20 to +85°C 
temperature range. It complies 
with MIL-STD-810/503 require- 
ments, which pertain to thermal 
shock. Input-current drain is 550 
mA at full load. The converter mea- 
sures 2.4X1.5x0.812 in. Available 
in either a pc-board-mountable or 
6-sided, shielded package, it costs 
$60 (100). 

MIL Electronics Inc, 1 Mill St, 
Dracut, MA 01826. Phone (617) 453- 
8000. TLX 4998157. 

Circle No 415 


EMULATOR 


@ Inserts no wait states 
© Emulates entire Super8 single- 
chip pP family 


The CEP Super8 micro in-circuit 
emulator, a member of the Mice II 
product line, comprises two pc 
boards: an emulator and a real-time 
trace module. The instrument 
works in conjunction with the ven- 
dor’s Supers single-chip pPs. It 


‘works at the pP’s highest speeds 


without inserting any wait states. 
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In Surface Mountable Components, 
TDK Quality Is More Than Skin Deep. 


As boards are getting thinner, TDK is helping that diet succeed by pro- 
viding a variety of extra-slim surface mountable components. Nourished 
by TDK’s expertise in ferrite and ceramic materials, these miniaturized 

~ components feed on TDK—developed multi-layerization and multi- 
functionalism. 

How do we know the exact needs of high-quality automated board 
production? Well, a fair share of the world’s automatic mounting equipment 
—the Avimount series—comes from TDK. 


Faia 


cteristics are representative, 


See our Surface Mountable Components and other fine products at Wescon/86 November 18~21, booth No. 1451 


ATDK GD se 
ile, ® 


TDK CORPORATION OF AMERICA HEAD OFFICE 4711 West Golf Road, Skokie, IL 60076, U.S.A. Phone: (312) 679-8200 CHICAGO REGIONAL OFFICE Phone: (312) 679-8200 LOS 
ANGELES REGIONAL OFFICE Phone: (213) 539-6631 INDIANAPOLIS REGIONAL OFFICE Phone: (317) 872-0370 NEW YORK REGIONAL OFFICE Phone: (516) 625-0100 SAN 
FRANCISCO DISTRICT OFFICE Phone: (408) 435-8565 DETROIT DISTRICT OFFICE Phone: (313) 353-9393 HUNTSVILLE DISTRICT OFFICE Phone: (205) 539-4551 GREENSBORO 
DISTRICT OFFICE Phone: (919) 292-0012 DALLAS DISTRICT OFFICE Phone: (214) 506-9800 NEW JERSEY DISTRICT OFFICE Phone: (201) 736-0023 TDK CORPORATION. 
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1S32 OpticRAM * 


The Affordable 
Design Alternative! 


Micron Technology, Inc., a major manufacturer of Dynamic RAM chips, offers 
you the 1S32 OpticRAM™, a very cost effective alternative for any designer 
considering costly CCDs and Linear Arrays. 


IS32 OpticRAM™ Quantity Discounts 


1-24 $42 | 100-499_— sw sC« $330 
25-99 $34). 500-999 oo S25 


1900-9999 ce 
10,000-25,000 $18 


The IS32 OpticRAM™ image sensor is a solid state device capable of sensing 
an image and translating it to digital computer-compatible signals. Two arrays 
on the chip each contain 32,768 sensors, arranged as 128 rows by 256 
columns. It is a random access device and each sensing element may be 
uniquely accessed. 


Avoid inflated engineering budgets and design with the Micron IS32 Optic- 
RAM™, the affordable design alternative! 


Also available is the IS6410 OpticRAM™ cluster chip and the IS256 
OpticRAM™. Information and pricing available upon request. 

1$6410 OpticRAM™ 
SNe 


For More Information Contact: 


MICRON 


ECHNOLOGY, INC. 


SYSTEMS GROUP 
2805 E. Columbia Rd. 
Boise, Idaho 83706 
(208) 386-3800 
TWX 910-970-5973 


“We’re building our reputation on innovation.” 
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LETS YOU RETRIEVE DETAILED PRODUCT 
INFORMATION IN AN INSTANT! 


EDN and EDN News offer you the fastest system ever to retrieve additional prod- 
uct information from an advertiser. 


It’s called REACT, for Cahners Reader Action Service. And it allows you to receive 


in minutes what used to take weeks. 
All you do is look for the toll-free REACT phone number appearing in ads in EDN 
and EDN News. Then call the number from your modem-equipped personal com- 
puter or terminal. 
You'll be shown product descriptions, price lists, and technical specifications 
right on your computer screen. Plus you can access this data 24 hours a day, 
Seven days a week for up to 15 minutes without charge. 
REACT enables you to respond to an advertising message after reading it and to 
receive the additional information you want immediately. 

_ The next time you see an ad that interests you, all you have to do is REACT. 


CA aN Ey RS 


UIMRREADER 
ACTO\ > 
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You can choose from 0, 4k, 8k, or 
16k bytes of onboard emulation 
memory. Enhanced memory is 
available for external program and 
data memory. 16k-byte version, 
$4600; enhanced-memory version, 
$5600. 

Microtek Inc, 17221 S Western 
Ave, Gardena, CA 90247. Phone 
(213) 538-5369. 

Circle No 416 


L/O SIMULATOR 


® Works with standard industrial 
I/O modules 
@ Plugs into I/O module rack 


The Model M901 I/O simulator tests 
industrial I/O modules. It connects 
via a flat cable to a standard I/O 
module rack. The unit’s bar-graph 
LED display indicates the status of 
as many as 24 modules. In addition, 
the unit has 24 front-panel switches 
to change the I/O status of any of 

the modules under test. $128. 
Antex Electronics Corp, 16100 S 
Figueroa St, Gardena, CA 90248. 
Phone (800) 621-0849; in CA, (213) 

532-3092. TWX 910-344-7381. 
Circle No 417 


OSCILLOSCOPES 


© Offer banduidths from 60 to 150 
MHz 

@ Feature on-screen cursor meas- 
urements 


Three portable analog oscilloscopes, 
Models 3060, 3100, and 3150, fea- 
ture bandwidths of 60 to 150 MHz, 
l-wsec to 5-sec sweep speeds, on- 
screen cursor measurements, and 
control-setting readouts. The 3060 
is a 60-MHz, 3-channel unit with 
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Meet the 


international 
Superpower 


that’s welcome 


Introducing the new Superpower switching 
supply from Pioneer. It delivers 5V at 300A 
(1500 watts) at 50°C in the industry standard 
ox 8x 11" case. It’s certified for VDE and IEC 
safety to Class I SELV level and meets FCC 
and VDE EMI noise. 


Select your Superpower. 


DC Output OUTPUT 
Voltage | CURRENT (AMPS) 
2 


325A 


48 (non SELV) 32A 


The new 2501B features overvoltage, over- 
load and overtemperature protection, automatic 
soft start, and most of all, unprecedented reli- 
ability. It is the newest member of Pioneer’s 
International line of single and multiple output 
supplies certified to today’s international safety 
and EMI standards. 

Call now: 800-233-1745. In California: 800-848-1745. 
Pioneer Magnetics. #1 in high power switching supplies 
worldwide. 1745 Berkeley Street, Santa Monica, CA 90404. 
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See Us At WESCON Booths #2702 & 2704 
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delayed sweep that can display six 
traces; the 3100 is a 100-MHz scope 
with 4-channel, 8-trace delayed 
sweep; and the 150-MHz 3150 fea- 
tures a delay-by-events counter and 
two user-defined comment lines in 
addition to 4-channel, 8-trace de- 
layed sweep, built-in DVM, and fre- 
quency counter. The 3060’s cursor 
measurements include voltage dif- 


SEE strabe 12 
Tel.: 07353/1051 
Tx.: 71824 
West-Germany 
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SERVICE 


A \ aabsesion of eds. 

abinets and Worketanon : 
furniture from our standard a ue aS 
production series or made =< 

to order. 

Maintenance free construction, 
stainless steel and plastic, 
appropriately finished to blend 

in well with a modern office 

or industrial environment. 


Workstation desks designed 
with space for system options 
and a general purpose 
working area. 


COMPONENTS | 

An extensive range of . 
components e. g., veritas: 
cooling devices and accessory 
hardware. 


PLCs, electrical and electronic 
modular building blocks. 


ference, time difference, and fre- 
quency. The 3100’s and the 3150’s 
cursor measurements include volt- 
age difference, voltage-difference 
ratio, time difference, time-differ- 
ence ratio, frequency, and phase 
difference. 3060, $1490; 3100, $2490; 
3150, $2950. Delivery, 30 to 45 days 
ARO, depending on model. 

Gould Inc, Recording Systems 
Div, 3631 Perkins Ave, Cleveland, 
OH 44114. Phone (216) 361-8315. 

Circle No 418 


5-OUTPUT SUPPLY 


@ 110V fan tap 
® [inear regulators 


The EP4000 is a 5-output switching 
power supply measuring 8x4.5x2.4 
in. Its power rating is 120W. Its 
outputs deliver 5V at 15A, 12V at 
5A, —12V at 1.5A, 24V at 2A and 
—5V at 0.5A. The supply’s efficien- 
cy rating is 73% min above 20W 
loading. The unit uses linear regula- 
tors on two outputs. The 12V/5A 
output is rated at 8A peak. Featur- 
ing an output that drives a 110V fan, 
the unit is available for either a 110 
or a 220V ac input. The unit is 
protected against overloads and 
overvoltage. It complies with the 
safety requirements of IEC 380 and 
the VDE 0871 curve A specification 
for conducted EMI. A power-fail 
alarm and a metal cover are option- 
al. $191. Delivery, eight weeks 
ARO. 

Powerline Inc, 10 Cochituate St, 
#6, Natick, MA 01760. Phone (617) 
655-7987. 

Circle No 419 


EDN November 13, 1986 


TOKIN. 
A COMPANY WHO’S TIME HAS COME... 
AGAIN, AND AGAIN, AND AGAIN. 


Tokin Corporation created many exciting break- magnetic card readers—and much more.* 


throughs in the communications industry in the We look forward to seeing you at WESCON/86, 
past half century. From ferrite cores to piezoelectric | November 18~20, 1986, in Anaheim, California. 
ceramics, from EMC components and services to We'll be in booths #5002 and #5003. 


* The products shown here are a brief intro to Tokin’s lineup 


of electronic materials and devices. For a complete picture, ‘ | } Wescon /86s 


be sure to drop by our booth. 


Head Office: Hazama Bldg., 5-8, Ni-chome, 
‘Kita-Aoyama, Minato-ku, Tokyo 107, Japan 
Tel.: Tokyo (03) 402-6166 Telex: 02422695 TOKIN J 
Tokin America Inc. 

2261 Fortune Drive, San Jose, California 95131 
U.S.A. Tel.: 408-946-4887 

You can reach our agents by phone: 
London 01-837 2701; Paris 1-45 34 75 35; 
Milan (0331) 678.058; Munich (089) 5164-0; 
Seoul (02) 777-5767; Taipei (02) 7311425; 
Hong Kong 3-315769; Singapore 747-8668 
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IEEE-488 EXTENDER 


@ Links computer to peripherals 
over a 4000-ft cable 

@ Multidrop capability expands the 
system 


The HP 37204A multipoint bus ex- 
tender links IEKEE-488 devices over 
cables that exceed the 20m max 
cable length specified in the stand- 


A Full Range of 
ELECTRONIC ROTARY SWITCHES 
from low-level to power applications 


Interrupt Ratings: to 10 amps. Continuous Ratings: to 25 amps. 
Up to 48 Positions. Applications include: Communications Sy- 
stems... Computers & Peripherals... Test Equipment... Power 
Supplies ... Medical Electronics... Industrial Controls... etc. 
Available with: Special Contacting (encoded, shorting/non-short- 
ing, etc.); Special Terminals (PC mounts, solder & quick-connect); 
Dual Concentric Shafts; Key-operated; Spring-return; Field Ad- 
justable Stops; etc. 


= ELECTROSWITCH 


me UNIT OF ELECTRO SWITCH CORP. 


180 King Avenue Weymouth, Massachusetts 02188 617/335/5200 ¢ TWX: 710/388/0377 


CIRCLE NO 143 
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ard. A computer as far as 4000 ft 
away can control an IEEE-488 sys- 
tem. You can expand a system by 
dropping in additional extenders. 
Systems can include from one to 30 
remote sites, each requiring only 
one extender. A single computer 
port can control all remote sites, 
thus turning the IEEE-488 bus into 
an instrumentation network. $925. 
Hewlett-Packard Co, 1820 Em- 
barcadero Rd, Palo Alto, CA 94303. 
Phone local office. 
Circle No 420 


DEVICE PROGRAMMER 


@ Programs devices having eight to 
28 pins 

@ Holds device-programming rou- 
tines in nonvolatile RAM 


The Omni 28 device programmer 
programs nearly all PROMs, E- 
PROMs, EEPROMs, and other 8- to 
28-pin programmable devices made 
with most processing technologies, 
according to the manufacturer. The 
company updates its device library 
weekly. A patented pin-driver cir- 
cuit allows you to download data on 
new devices to your programmer. 
The programmer has no keypad or 
display; you must have a terminal to 
control it. The unit formats displays 
for a range of terminals, personal 
computers, and development sys- 
tems. Menu-driven displays list pro- 
grammable-device suppliers, alter- 
nate sources, program data, and 
device parameters. $2995. 

Oliver Advanced Engineering 
Inc, 320 W Arden St, Glendale, CA 
91203. Phone (818) 240-0080. 
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A compact 555 that carries a busload. 


The UT1553B BCRT data bus system 
proves that big things do come in 
small packages. It’s loaded with 
features including both MIL-STD- 
1553B Bus Controller and Remote 
Terminal functions and advanced, 
specialized memory management — 
all on one low-power CMOS chip. 
It’s the next generation product 
in our 1553 family. The BCRT was 
designed to reduce host intervention 
with automatic DMA and address 


generation. It automatically executes 


message transfers, provides 
interrupts, and generates status 


information. UTMC’s BCRT allows 


you to implement a pseudo-trans- 


parent dual-port RAM configuration. 
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The BCRT’s bus controller uses 


a linked-list message scheme to pro- 


vide the host with message “chaining”’ 


Memory space is optimized by using 
programmable address pointers. As 
an RT, the BCRT implements time 
tagging and message history 
functions. It also supports multiple- 
message buffering— up to 128 — 
including variable-length messages 
to any subaddress. 

The BCRT complies with the 
standard LAN used for military 
systems while meeting selected tests 
in MIL-STD-883C. It is available 
in 84-pin LCCs, PGAs, or Cerquads. 

Don’t miss the bus on your 1553 
system needs. Call UTMC. 
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Product Marketing 

United Technologies 
Microelectronics Center 

1575 Garden of the Gods Road 
Colorado Springs, Colorado 80907 
1-600-MIL-UTMC 


Ag UNITED 

Su TECHNOLOGIES 
MICROELECTRONICS 
CENTER 
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INSTRUMENTATION & POWER SOURCES 


MODULAR SUPPLY 


© Dual voltage input 
® Crowbar protects circuits against 
overvoltage damage 


Model 1.5.1000 DV is a pe-board- 
mountable supply for powering logic 
circuits from either 115 or 230V ac. 
The modular supply provides 5V de 
at 1A. Its line and load regulation 
are better than 0.05%, and its ripple 
and noise are below 1 mV rms. The 
5V output is set in the factory to an 
accuracy of 1%. A crowbar protects 
circuits against overvoltage dam- 


age. The unit features foldback cur- 
rent limiting for continuous short- 
circuit protection. The ease 
measures 2.5X3.5X1.25 in. and has 
two molded-in threaded inserts that 
permit you to fasten it to the pe 
board. $106. Delivery, six weeks 
ARO. 

Calex Mfg Co Inc, 3355 Vincent 
Rd, Pleasant Hill, CA 94523. Phone 
(415) 932-3911. TLX 338506. 
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RACK SUPPLY 


@ Requires 1.75 in. of rack space 
® Functions as either master or 
slave 


The Model 7.5125 rack-mounted 
power supply provides 125A at 0 to 
7.5V de. The unit’s front panel has 
controls that let you set voltage, 
current, and overvoltage levels; dig- 
ital readouts display the voltage and 
the current. Provisions for remote 


control, programming, and sensing 
are standard. The instrument specs 
50-mV p-p output ripple, voltage 
regulation within 1% of the maxi- 
mum rated output, and a transient 
response of +2% of the final value 
within 10 msec for a 30% load 
change. The unit accepts 95 to 127V 
ac over a frequency range of 47 to 63 
Hz. It operates over 0 to 50°C. You 
can use it in series or in parallel 
with multiple units, and as a master 
or slave supply. $890. Delivery, 45 
days ARO. 

Power Ten Inc, 486 Mercury Dr, 
Sunnyvale, CA 94086. Phone (408) 
738-5959. 

Circle No 423 


AYS. 


GUARANTEED. 


Prototypes in 24 hours? Only from Laserpath, the 


gate array prototype specialists. 


Lost time is the biggest risk in gate arrays. Now, we 
guarantee you'll know in one day—in silicon—if your 
design works. Because prototypes are the only way to 


know if your whole system works. 


No worry about circuit changes, either. Revised pro- 


supporting the leading CAD systems. And get volume 


shipments from our production, partners who are 


major IC manufacturers. 
For details, call 408-773-8484 and ask for 
Earl Watts. Or write him at: Laserpath, 160 Sobrante 


Way, Sunnyvale, CA 94086. 


totypes are discounted and get the same one day 


turnaround. 


You'll design with industry standard 2y and 3y 
HCMOS families. Use extensive macrocell libraries 
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Give us a day, and we'll save you weeks. 


ONE DAY GATE ARRAYS ™ 
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SOLID CERAMIC Surface Mount 
esistor Networks 


ompatible with 


ll SOIC 
rocesses. 


_ New CTS Series 766 Small Outline Surface 
_ Mount Resistor Networks. Available with 8, 
14, Of l@leads, : 


srs ternterscaraieea nabrenteretanyenneoning tne tegnten en ett baetbnenetern rte 


Road, Berne, IN 467I1. 
Phone (219) 5275220 ——“(i;”COCOCiCi«sS 
TWX: 810-323-1580. CIRCLE NO6 


S RELIABILITY 


CTS CORPORATION ¢ ELKHART. INDIANA 


Series 760 Gull Wing Surface Mount Hybrid Series 763 .350” x .350” Series 762 User Trimmable 
High power SM in Clock Oscillators Leadless Available in 8, 14, 16 or 18 
standard DIP. Fully hermetic resistance Up to 20 pads. Meets LCC solder pads. 
Phone: (219) 589-8220 weld packages. pad configurations. Phone: (219) 589-8220 
CIRCLE NO 7 Phone: (815) 786-8411 Phone: (219) 589-8220 CIRCLE NO 10 
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INSTRUMENTATION & POWER SOURCES 


8051 DEVELOPER 


@ Features built-in EPROM pro- 
grammer and eraser 
© Has battery-backed RAM 


The Ice-Engine/bx-8 supports the 
8051 family of single-chip wPs, in- 
cluding CMOS versions, at speeds of 
12 MHz with no wait states. The 
unit features 64k bytes of program 


Make The Switch 
To Quality 
And Innovation. 


Optimize your quality/cost relationships. 
Step up to Tricon for innovative design 
and production of insert-molded electro- 
mechanical assemblies, custom switches 
_ and connectors...every step of the way. 
At Tricon, our individualized design 
; sultation means improved product 
mance and reliability. In developing 
hods and materials best suited 
lications, we employ cost- 
yh-productivity shuttle and 
9g techniques, high speed 
nique assembly methods 
eke tooling and 
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memory and 256 bytes of internal 
data memory. It also has a 2048- 
word program-trace memory, three 
hardware breakpoints, seven soft- 
ware breakpoints, and a program- 
mable counter/timer. The device has 
a built-in EPROM programmer and 
eraser and a battery-backed RAM. 
$5295 (including 8051 pod and per- 
sonal-computer communications 
software); pods for other wPs, $1095 
each. 

Ziltek Corp, 1651 E Edinger 
Ave, Santa Ana, CA 92705. Phone 
(714) 541-2931. 
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CURRENT PROBE 


@ Measures both ac and dec current 
® Fits around conductors 1.2 in. in 
diameter 


The 801-410 clamp-on current probe 
works in conjunction with a Hall- 
effect sensor to measure both ac and 
de current as high as 400A. The 
battery-powered unit, compatible 
with most voltmeters, has an output 
of 1 mV/A. The instrument’s jaws 
will fit around a single conductor 1.2 
in. in diameter or over two conduc- 
tors each 1.0 in. in diameter. The 
instrument is accurate to +5% when 
reading +2.5A over a 5 to 400A 
range and over the frequency range 
of dc to 62 Hz. The probe’s response 
drops off by —3 dB at 1200 Hz typ. 
Its battery life is 600 hours typ. 
$129. 

John Fluke Mfg Co Inc, Box 
C9090, Everett, WA 98206. Phone 
(800) 426-3061. 
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You need speed plus precision to push the limits. 


Mounting 
emicondut 


The old way... 


1. Locate component. 


14 


SS 

SS 2.Insert M3 screw. 

SS 

SF 

ST 

oy 3. Locate rectangular washer. 


7 {Js 


4. Fit insulating bush. 


a ee See RT 


7] 


rg A SE ie 5. Locate mica insulator. 
ses 


ge VL 


WL 


6. Fit plain 
washer. 


1.F it lock 
washer. 


8.Fasten, using M3 nut. 


pHitips| Electronic 
components 
and materials 


ower 
[OVS cece 


.eand the F-Pack way 


. Locate F-pack. 2.Insert clip. 


Just compare the speed and simplicity of 
mounting F-Pack power semiconductors 
with conventional methods... 

..then consider the savings to be 
made in labour-costs...the elimination of 
production bottlenecks ...the increased 
reliability that simplicity brings...the 
reduction in parts inventory... 

..and youll agree it's well worth 
considering switching to F-Pack power 
semiconductors! 

Philips F-Packs have an integral 
epoxy insulating layer, which eliminates 
the need for a mica insulator and all the 
fiddly insulating bushes, screws, nuts 
and washers that go with it. The packages 
can be secured with a single clip or a 
much-simplifed screw assembly, the 
latter requiring the minimum of heatsink 
machining. 

What's more, the thermal and 
electrical characteristics of the two 
F-packs, SOT-186 and SOT-199, are as 
good as the TO220 and SOT-93 which they 
can replace. 

But one of their most important 
features is the Philips name. Because 
when you buy our professional power 
semiconductors, you know they will be 
fully developed, manufactured and tested 
to Philips’ exacting standards. 

If youd like to know more about the 
ways in which F-Pack power 
semiconductors could help you speed 
production and improve your product's 
safety and reliability, just contact your 
local Philips National Organisation. 

Or contact Philips Electronic Components 
and Materials Division, 

PO. Box 218, a 
5600 MD 
Eindhoven, - 
The Netherlands. ¥ 
Telex 35000 cael 
PHTC/NLJEVMF ¥ |) ¥ 


The name is Philips. 
The product is power semiconductors. 


PHILIPS 
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IMMORTALITY 
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Contactless Sensors That Never Die 


No product lasts forever, but Spectrol’s new 
“Blue Pot” sensors will never die due to contact 
friction—because the contacts have been eliminated. 
By utilizing a patented, friction-free magneto-resistive 
technology, Blue Pot resistive sensors are setting 
the new standards in longevity. 

If your application requires the repetitive mea- 
surement of changes in angle, linear positioning, 
pressure, or inclination—these new sensors are ideal 
for your purpose. They are available in a variety of 
sizes in those four application types. In addition to 
almost limitless life, long-term output, and rugged 
construction, these sensors feature infinite resolu- 
tion and elimination of common noise caused by 
contact bounce. They also offer greater sensitivity 
and provide excellent high frequency and high- 
speed response. 

But these contactless precision sensors are just 
the latest addition to Spectrol’scomprehensiveline of 
motion and position sensors. For more information 
about the complete Spectrol sensor line, or to make 
contact with the new “contactless” technology, call 
Spectrol today. Spectrol Electronics, 17070 E. Gale 
Avenue, City of Industry, CA 91745, (818) 964-6565. 


1 UNITED 
Za TECHNOLOGIES 
HAMILTON STANDARD 
CONTROLS 


SEE US AT WESCON, BOOTH 2568-2570 


EDN November 138, 1986 


NEW PRODUCIS 


INTERNATIONAL 


TRANSISTORS 


e Ratings of 500V, 0.450. and 200V, 
0.10, 

@ Have isolated power package for 
ease of mounting 


The 2N7056 and 2N7059 are n-chan- 
nel, high-power MOS transistors 
housed in an electrically isolated 
package that simplifies mounting 
requirements. The 2N7059 is a 500V 
transistor with a maximum on-re- 
sistance of 0.450. These features 
make the 2N7059 suitable for use in 
200W to 2-kW off-line switching 
power supplies that operate at 
switching frequencies as high as 100 
kHz. The 2N7056 is a 200V, 0.10 
device. The isolated packaging pro- 
vides 4-kV peak isolation between 
the transistor and heat sink, for 
power dissipations as high as 70W. 
The package conforms to UL and 
VDE safety requirements. You can 
mount the transistors with a spring 
clip or a single screw, without using 
any additional mounting hardware. 
2N7056, $6; 2N'7059, $6.50 (1000). 

SGS Microelettronica SpA, Via 
C Olivetti 2, 20041 Agrate Brianza, 
Italy. Phone (039) 65551. TLX 
330131. 

Circle No 426 

SGS Semiconductor Corp, 1000 
E Bell Rd, Phoenix, AZ 85022. 
Phone (602) 867-6100. 
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DC/DC CONVERTERS 


® Generate positive and negative 
supplies from a 5V input 
@ Available in SIP or DIP 


Capable of delivering as much as 750 
mW, the NM0505i, NM1212i, and 
NM1515i de/de converters produce 
outputs of +5, +12, and +15V, re- 
spectively, from a 5V supply. They 
offer power densities of 750 mW/cm’” 
in the SIP version and 500 mW/cm’ 
in the DIP version. I/O isolation is 
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500V de. The converters operate 
without any derating over a range of 

—25 to +80°C. £3.95 (1000). 
Newport Components Ltd, 134 
Tanners Dr, Blakelands North, Mil- 
ton Keynes MK14 5BP, UK. Phone 

(0908) 615232. TLX 296119. 
Circle No 428 


ANALOG INPUT CARDS 


®@ Operates as 32 single-ended or 16 
differential inputs 

@ Adjustable full-range input of 
+10 mV to +10V 


The TSVME 420-R, a double- 
Eurocard, 12-bit A/D-converter 
board for VME Bus systems, has 32 
multiplexed inputs that you can con- 
figure as 32 single-ended or 16 dif- 
ferential inputs. A programmable- 
gain amplifier allows you to adjust 
the full-range input over the +10 
mV to +10V range. Using a resis- 
tor, you adjust amplifier gain on the 
board; for the TSVME 420-SD and 
-SB versions, amplifier gain is soft- 
ware programmable. The -SD ver- 
sion has amplifier gains of 1, 10, 100, 
and 1000, and the -SB version has 
gains of 1, 8, 64, and 512. For a gain 
of 1, accuracy of the resistor-pro- 
grammable version is +0.03%, and 
accuracy of the software-program- 
mable version is +0.04%. Linearity 
is +0.025%. The A/D converter 
specs 500V dec isolation from the 
VME Bus circuitry. Maximum 
throughput for a gain of 1 is 6300 
channels/sec for the TSVME420-R, 
and 5200 channels/sec for the -SD 
and -SB. TSVME420-R, Fr fr 


WORLD'S 
SMALLEST 
DIP SWITCr 


SAME SIZE 
AS AN 
IC 


HIGH DIPS SHADOW LOW IC’S 


THE LOW PROFILE K40 DIP IS 
THE SAME SIZE AS AN IC 


NO MORE HAND LABOR. 


YOU CAN USE AUTOMATIC 
INSERTION EQUIPMENT! 


If you don’t have automatic insertion equip- 
ment, we’re banking that some day you will. To 
prove that, we’ll charge you the same low price 
for all your purchases—no more need for the 
low-volume premium prices you're paying now. 


AVAILABLE IN 
2, 3, 4, 5,6,7 &8 
POSITIONS 


FREE SAMPLE! 


WITH STAPLED BUSINESS 
CARD TO YOUR LETTERHEAD 


AMERICAN RESEARCH 
& ENGINEERING 


1500 EXECUTIVE DRIVE 
ELGIN, IL 60120 


12-888-7245 
yaa: tn the thle! 
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13,000; TSVME420-SD and -SB, Fr 
fr 16,000. 

Thomson Semiconducteurs, 45 
ave de l’Europe, 78140 Velizy, 
France. Phone (3) 9469719. TLX 
204780. 
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Thomson Components-Mostek 
Corp, 7950 E Redfield Rd, 
Scottsdale, AZ 85260. Phone (602) 
951-2900. 
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DISK INTERFACE 


@ Software interface includes a 
VMS 4.2 driver 

@ Data management uses WORM 
optical-disk function 


Providing SCSI hardware and a set 
of software modules, the GDV opti- 
eal-disk driver allows you to use an 
ATG-Gigadise or Optimem-1000 op- 
tical-disk drive with DEC VAX com- 
puters. Cards that provide an inter- 


face with VAX 11/700 Series or 
MicroVAX computers are available 
for Unibus and Q Bus systems. The 
software interface includes a VMS 
4.2 driver that provides basic read/ 
write and various optical-disk-spe- 
cific functions. Data-management 
software accommodates WORM 
(write once/read many) operations; 
user-selectable routines allow you to 
create, open, or close files as well as 
to read or write records. A set of 
DCL (digital control language) com- 
mands permits disk and media man- 
agement. The GDV software sup- 
ports multiuser access to as many as 
16 optical-disk drives operating in 
parallel. Hardware adapters for Q 
Bus, Fr fr 10,500; for Unibus, Fr fr 
13,500. Software licenses for VAX 
11/700 Series, Fr fr 25,000; for 
MicroVAX, Fr fr 20,000. 

MC2, 47 ave Alsace Lorraine, 
38000 Grenoble, France. Phone (76) 
431300. TLX 980809. 
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SIGNAL GENERATOR 


@ Provides 31 synchronous wave- 
form channels 

®@ Configurable via an RS-232C 
interface 


The WS1001 is available as a Tek- 
tronix 500/5000-compatible plug-in 
or as a board-level product for OEM 
users. The generator provides 31 
synchronous waveform channels 
(each programmable in length from 
two to 4096 bits); each channel gen- 
erates data at speeds to 15M bps. 
You can define the digital pattern 


CUSTOM/STANDARD 
BEST QUALITY/SERVICE 


IG. 


@ —40°C TO 95°C STORAGE/OPERATION TEMPERATURE 
@ LOW POWER/HIGH CONTRAST/WIDE VIEWING 
@ DICHROIC/PHASE CHANGE TYPES 
@ PLASTIC PROTOTYPE/GLASS PRODUCTION/DOT MATRIX 
@ COMMERCIAL/MILITARY STANDARDS 
@ CUSTOM MODULES 
@ 2 TO 4 WEEKS DELIVERY 
™ 


POLYTRONIX, INC. 


P. O. BOX 833024, RICHARDSON, TX 75083 
(214) 238-7045 
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Temperature/ 
Humidity 


TEST IN THE BEST... 


Tenney Chambers for 
all Environments 


For simulation of straight temperature or temperature/humidity 
in combination with altitude, vibration or pressure. 


Thermal 
Shock 


The Largest and Most Experienced Manufacturer of High Technology Environmental Test Equipment 


TEM 1€. 


SEE US AT WESCON/86 BOOTHS #3738/3740 
1090 Springfield Rd., Union, New Jersey 07083 © (201) 686-7870 


Burn-in 
AGREE/CERT 
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As backup power for 

CMOS memory circuits 
" the ni-cads and lithiums — 
just don’t measure up anymore. | 


Now, circuit designers are turning t¢ 
a new, state-of-the-art energy sourc 
from Sohio Engineered Materials. 


The Maxcap™ Double Layer Capacit 


What distinguishes Maxcap DLC 
from its antiquated competitors is that 
it gives you the energy of a battery, 
the rapid charge-discharge character- 
istics of a capacitor, and something no 
battery can ever promise: 


Virtually unlimited life. 


So designers working into the 1990s no 
longer have to burden themselves with 
power sources out of the past. 


At its nominal voltage of 5 V and capac- 
itance values of 0.01 to 1 farad, thimble- 
size Maxcap DLC can be charged and 
discharged indefinitely without main- 
tenance or replacement. Since there's 

no need for access, equipment can be 


made smaller and simplified. You 
can also reduce backup circuit and 
assembly costs. 


Song, 


Maxcap DLC shown actual size above. 
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Compared to batteries, 
Maxcap DLC delivers these 
significant cost savings: 


= There’s only one extra component, 


® not three. And Maxcap DLC doesnt need 


a socket. 


= Since Maxcap DLC is nonpolar, it cant 
be reverse connected, so youll have 
fewer assembly errors. And you can use 
wave-soldering. 


® Maxcap DLC requires no toxicity, 
explosion or leakage safeguards. 


What's more, there are no disposal 
problems. 


Maxcap DLC. The timeless energy 
source. Call or write for complete 
information and technical details. 


And save those batteries. Somewhere, 
there’s a flashlight that can use them. 


Sohio Engineered Materials Company 
Semiconductor Products Division 
P.O. Box 664 

Niagara Falls, NY 14302 

716/278-3954 


Sohio : 
Engineered Materials 
Company 
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a SS 


and timing information associated 
with each channel via an RS-232C 
interface. A Basic program is avail- 
able to generate the digital patterns 
from a waveform definition. Tek- 
tronix 500/5000-compatible module, 
£2800 (1); board-level version, £495 
(100). 

Walmsley Microsystems Ltd, 
Aston Science Park, Love Lane, 
Birmingham B7 4BJ, UK. Phone 
(021) 3590981. TLX 334535. 
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GENERATOR 


@ Less than 0.03% sine-wave distor- 
tion level 

@ Frequency setting of greater than 
4% accuracy 


The PM 5110 low-frequency genera- 
tor is an RC oscillator that features 
a sine-wave distortion level of less 
than 0.03% over the 300-Hz to 
20-kHz audio range. The generator 


produces both sine- and square- 
wave outputs over the 10-Hz to 100- 
kHz frequency range. Maximum 
output amplitude is 6V p-p from a 
600 source impedance. You can se- 
lect either a 20-dB fixed or 0- to 
40-dB variable attenuator. A TTL- 
level syne output and a switch that 
allows you to select either a fast- 
settling or low-distortion output are 
mounted on the instrument’s rear 
panel. The generator operates from 
both 220V and 110V ac line supplies. 
$325. 

Philips, Industrial & Electro- 
acoustic Systems Div, Box 523, 5600 


AM Eindhoven, The Netherlands. 
Phone (040) 757005. TLX 51573. 
Circle No 432 
Philips Test & Measuring In- 
struments Inc, 85 McKee Dr, 
Mahwah, NJ 07430. Phone (201) 
529-3800. 
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PROGRAMMER’S TOOL 


@ Stores device programming data 
in IBM PC 

@ On-screen menus and help 
facilities 


The Koncom software package al- 
lows you to transfer programming 
information between an IBM PC/XT 
or PC/AT and the company’s 
EPP-80 and MPP-80S universal de- 
vice programmers. The menu-driv- 
en package includes an editor for 
programming data files, and it al- 
lows you to store PROM data on a 
floppy disk. The monitor displays 


Servometer Gold Plated Bellows 


CONTACT SPRINGS 


e Outside diameters as small as .037” in stock 
e Excellent for use in microwave and electronic 


applications 
_ ¢ Minimum insertion loss _ 


The specialists in Miniature Couplings-Contacts-Bellows 
501 Little Falls Road 
Cedar Grove, NJ 07009 
(201) 785-4630 ¢ Telex: 384233 
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DID 
YOU 
KNOW? 


EDN publishes 


two Technical Article 
Databases per year that list 
the feature articles 
published in the preceding 
six months in five of the 
leading electronic 
engineering publications. 


EIDIN 
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—RcurT SAVER Saves 
-- you money, too! 


aecunt Sivcn protects taster 
than any fuse or circuit breaker _ 
on tare market 


Receive over one million operations 
for less than the cost of a circuit breaker. 
And Circuit Saver goes to work when the 
surrent increases just 20% above normal. 
is adds up to greater efficiency for less_ 
ney. And maintenance-free Circuit Saver 
Ee eliminates costly service expenses. 


00 Sst = Microseconds. That's : 
how long it takes Circuit 
ae wesee| Saver to rescue your 
i sensitive electronic | 
LL }components when a 
| problem flares up. 
ay Why take unnecessary 
feerersseee| risks when you can _ 
| have the best a 
; available? | | 


te 


me in microseconds 


— 2 Just 0 one of many 
| _ fine INRESCO products 
Inresco ae a See line of quality 
resistors, reed relays and proximity switches 
‘at competitive prices. And we'll get them to 
you fast. Call Inresco oday: for more efficient 
: _ equipment tomorrow. 


NG more ‘resetting ae or 
uses by hand. Once the” 
Sel fault is corrected > 
}and the power to 
the load i is inter 


| I Saver 
| B resets 


ore ‘Ocean Road 
: "Point Pleasant, New Jersey 08742 
(201) 892-5881 CABLE INRESCO 


: Com Circ it ays av e - S size, REE 
_ this offers even greater 
eee in PC board I design 
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OPY CAD 


In fact, copy anything. Faster With end, you get beautifully sharp color 
higher quality. And more flexibility. copies of everything on your screen. 


For a lot less money. And you get them fast. Data is down- 

That's what you get with the loaded into the hardcopier instantly 
CH-5300 Color Hardcopier And you (theres no processing to slow things 
get it with next to no effort at all. down). A-size copies and presentation 

Because weve already qualified quality transparencies are produced 
over one hundred video sources. in under 40 seconds. And B-size 
Which means no software drivers are copies are delivered in moments. 
required. And there's no host down- 50 copy our phone number. Then 
time during installation. call.Well show you how to save 


Plus, you can turn yourhardcopier money, Save time and Save your 
into a shared resource with our Mul- image with the Seiko CH-5300 Color 
tiplexor. Up to four differentsources Hardcopler. 
can be connected so the 
cost per user becomes 
astonishingly low 


Call Martin Nelson at 
(408) 943-9100 today. 


SEIKO 


|'N S T R UM E NTS 


L) 


© 1986 Seiko Instruments U S A, Inc. 
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QUALIFIED 
VIDEO SOURCES 
FOR THE SEIKO 
COLOR 
HARDCOPIER. 


Over one hundred 
models from more than fifty 
manufacturers. It's a long 
listand its growing every day. 
Give us a Call to make sure 
your hardware is a 
qualified source. 


Qualified Manufacturers 


Advanced Electronics Design 
Applicon 

Apollo 

Aries 

AT&T 


Computer Aided Engineering 
Calma 

Chromatics 

CGX 
Computervision 
Computer Sciences Corp. 
Conographics 
Control Systems 
Data General 

EDS (General Motors) 
Genisco 

Harris 

Hughes 
Hewlett-Packard 
IBM 

Ironics 

Lexidata 
Masscomp 

Matrox 

Megatek 

Metheus 

Moore Products 
Number Nine 
Omnicomp 
Ramtek 

Raster Technology 
Raytheon 

scion 

Seiko 

Silicon Graphics 
Sun Micro Systems 
Symbolics 
Tektronix 

Vectrix 

Vermont Micro 
Verticom 

VG Systems 

Wang 
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messages from the programmer and 
test results together with prompts. 
Help menus are available at each 
stage of operation. The software is 
independent of device programmers 
and programming-module software 
updates because the package 
doesn’t get involved in defining de- 
vice-dependent programming pa- 
rameters. DM 750. 

Kontron Messtechnik, Oskar- 
von-Miller-Strasse 1, 8057 Eching, 
Munich West Germany. Phone 
(08165) 77541. TLX 526719. 

Circle No 433 

Kontron Electronic Inc, 630 
Price Ave, Redwood City, CA 


94063. Phone (800) 327-8834; in CA, 


(415) 361-1012. 
Circle No 434 


EDGE DETECTOR IC 


@ Accepts three 10-bit digitized 
video inputs 

e@ Performs concurrent convolution 
to detect edges of video image 


The PDSP16401 is a 2-D edge detec- 
tor IC that determines the pres- 
ence, direction, and gradient of 
edges in a raster-scanned video 
image. You can use it for image 
enhancement, pattern recognition, 
and video special-effects applica- 
tions. The device accepts three, 
10-bit digitized video inputs, corre- 
sponding to three consecutive lines 
of the raster scan. It detects edges 
by performing concurrent convolu- 
tion of a 3X3-pixel frame with four 
3x3 masks—one each for each of the 
vertical, horizontal, and two diago- 
nal directions. The device can pro- 
cess 15M pixels/sec. The edge detec- 


tor’s output consists of a 3-bit word 
indicating the direction of the edge 
and a 13-bit word representing the 
gradient of the edge. An internal 
10-bit comparator measures the out- 
put magnitude against a program- 
mable threshold level; when the out- 
put magnitude exceeds the 
programmed threshold level, the 
comparator generates a threshold- 
exceeded output signal. The detec- 
tor operates from 5V, consumes less 
than 500 mW typ, and operates over 
—40 to +85°C. £204 (1000). 

Plessey Semiconductors Ltd, 
Cheney Manor, Swindon, Wiltshire 
SN2 2QW, UK. Phone (0793) 36251. 
TLX 449637. 

Circle No 435 

Plessey Semiconductors, 3 
Whatney, Irvine, CA 92718. Phone 
(714) 951-5212. TWX 910-595-1930. 

Circle No 613 


MIL-STD-1553B INTERFACE 


@ Supports MIL-STD-1553B bus 
systems 

@ Firmware drivers minimize host 
CPU involvement 


This Q-Bus-to-MIL-STD-1553B in- 
terface card allows you to connect 
DEC Microvax or Micro-PDP-11 
computers into MIL-STD-1553B 
bus systems. The interface card lets 
the computer operate on the -1553B 
bus in either a bus-controller or re- 
mote-terminal mode and handles 
both data buses in a -1553B bus 
system. Control firmware allows 
you to adapt the card to the require- 
ments of different systems, and a 
high-level software interface pro- 
vides data buffering to minimize 
host-processor involvement in 
transfers to and from the -1553B 
bus. The interface is implemented 
on a DEC quad pc board; it meets 
European DEF Standard 00-18 
(part 2). Approximately £4000. 
Ferranti Computer Systems 
Ltd, Ty Coch Way, Cwmbran, 
Gwent NP44 7XX, UK. Phone 
(06333) 71111. TLX 497636. 
Circle No 436 
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SERIAL I/O BOARD 


® Onboard 68000 pP 
@ 128k bytes of dual-ported buffer 
memory 


The TSVME501 is a _ double- 
Eurocard, VME Bus-compatible 
serial-communications board with 
eight RS-232C-compatible asyn- 
chronous I/O ports. An onboard 


16-MHz 68000 pP, complete with 
128k bytes of dual-ported static 


RAM and sockets for as much as 


128k bytes of EPROM, relieves the 
system’s CPU of most serial com- 
munications tasks. When reading 
the RAM, the onboard pP requires 
no wait states. For write access to 
the RAM and read access to the 
EPROM, the pP requires one wait 


Meet The Pioneer 
OEM All-Star Team — 


Ultra-Precise 


Spindle Motors 


Our DC brushless spindle motors are real team 
players — utterly reliable, because they have 
Pioneer's vast experience and know-how 
behind them. Featuring a speed of up to 
12,000RPM and 0.3um TIR surface 

deflection, they are ideal for optical 

scanners, high-density RDD units, 

optical memory mastering, etc. 

We have or can make the 


model you require. 


VU) PIONEER 


PIONEER INTERNATIONAL INC. 

CALIFORNIA REPRESENTATIVE OFFICE 

C/O YOSHINO INTERNATIONAL INC. 

19401 SOUTH VERMONT AVE., SUITE B204, 
TORRANCE, CA 90502, USA. 

PHONE: 213-329-4137/8 FAX: 213-516-9305 
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state. Additional functions include a 
Centronics-compatible parallel port 
on the board’s P2 connector and 
three 16-bit timers. The board can 
generate programmable level and 
vector interrupts, or accept inter- 
rupts, on any of the seven VME Bus 
interrupt levels. RAM accesses can 
also generate interrupts. The board 
also contains a single-level bus arbi- 
ter. Approximately Fr fr 20,000. 

Thomson Semiconductors, 45 
ave de l'Europe, 78140 Velizy, 
France. Phone (1) 39469719. TLX . 
204780. 

Circle No 437 

Thomson Components, 7950 E 
Redfield Rd, Scottsdale, AZ 85260. 
Phone (602) 951-2900. 

Circle No 438 


CROSSASSEMBLER 


@ Produces 68000 object code 
@ Runs on a range of PCs and 
minicomputers 


Using the X68000 crossassembler, 
you can produce object code for 
68000, 68008, and 68010 wPs on IBM 
PC and compatible computers run- 
ning PC-DOS or MS-DOS, on VAX 
computers running VMS or Unix, 
and on PDP-11 and 68000-based 
computers running Idris or Unix. 
The crossassembler produces abso- 
lute or relocatable object code and 
includes macros with and without 
parameters; conditional assembly; 
and multiple-file assembly. It also 
allows you to divide programs into 
separate instruction and data sec- 
tions and to define global or tempo- 
rary labels. The assembler’s symbol 
table has a minimum capacity of 
32,000 entries. You can transfer the 
symbol table to and from disk while 
maintaining control over the num- 
ber of entries resident in the sys- 
tem’s memory. From £650 for a PC- 
or MS-DOS system to £1730 for a 
VMS or Unix system. 

Real Time Systems Ltd, Box 70, 
Douglas, Isle of Man, UK. Phone 
(0624) 26021. TLX 628356 

Circle No 439 
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To reduce PC layers 

and expense!!! 

Unscramble your PC traces 
while stripping away excess 
PC layers and cost with one 
small dip package. 4C’'s 
Circuit-Bridge™ dip plug is 
programmed to your speci- 
fications in just days. 


WE’RE THE PROBLEM SOLVERS WITH: 
QUALITY * QUICK TURNAROUND ¢ COST EFFECTIVENESS 
VERSATILITY ¢ PROFESSIONALISM 
(216) 354-6800 


ALL PRODUCTS AVAILABLE IN 
STANDARD SIZES AND CONFIGURATIONS. 


== 4-1 ECTRONICS, INC = 


9330 PROGRESS PARKWAY, P.O. BOX 868, MENTOR, OH 44060 (216) 354-6800 TELEX-361717 
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SIGNAL CONDITIONER 


@ Direct connection to type-J or -K 
thermocouples 
® Optional LED fault indicator 


The single-Eurocard TSM module 
accepts inputs from as many as 16 J- 
or K-type thermocouples and gener- 
ates a 10-mV/°C output voltage for 


To match your new IC to 
your old PC!!! 

4C’s Dip-Adaptor™ socket is 
the quick solution. Programmed 
to your specifications to match 
the new IC to your old PC, 
obsolete IC’s are now an 
obsolete problem!!! 


To get the lowest profile 
available today in RS-232 
Gender-Changers and Null- 
Modems. 

4C offers a complete line of 
Gender-Changers and Null- 
Modems featuring a mere .915” 
flange to flange with zinc die- 
cast bodies and shells for total 
shielding. 


CIRCLE NO 260 


each input. J-type thermocouples 
let you measure temperatures from 
—184 to +750°C; K-type thermo- 
couples operate from —184 to 
+1000°C. Temperature resolution is 
+3 or +1°C, depending on the type 
of onboard thermocouple amplifier 
used. An optional LED indicator 
identifies open circuits or discon- 
nected thermocouples. The module 
plugs into and derives its power 
from the company’s Intelligent I/O 
Channel bus. You'll need a separate 
A/D-converter card to digitize the 
module’s output voltages. The 4- 
channel version, DM 957; 16-channel 
version, DM 3150. 

Pep Elektronik Systeme GmbH, 
Am Klosterwald 4, 8950 
Kaufbeuren, West Germany. Phone 
(08341) 8974. TLX 541233. 

Circle No 440 

Pep Modular Computers Inc, 
600 N Bell Ave, Pittsburgh, PA 
15106. Phone (412) 279-6661. 

Circle No 441 


RESISTOR 


®@ Meets MIL-STD-R39005 require- 
ments 

@ Resistance values range from 50, 
to 600 kQ 


The AX-200 wirewound resistor 
meets MIL-STD-R389005 electrical 
and dimensional standards for RBR- 
50-size components. Resistance val- 
ues span 5Q to 600 kQ; the unit has 
a resistance TC of 3 ppm/°C over the 
0 to 80°C range and 5 ppm/°C over 
the —55 and +125°C range. Power 
rating at 85°C is 330 mW; at this 
power level, the resistor has long- 
term stability of 35 ppm/10,000 
hours. No-load stability is 25 ppm/ 
year. £1.30 (500). Delivery, four to 
six weeks ARO. 

Vishay-Mann Ltd, Wymondham, 
Norfolk, NR18 ORA, UK. TLX 
975105. 

Circle No 442 

Vishay Resistor Systems Group, 
63 Lincoln Hwy, Malvern, PA 
19355. Phone (215) 644-1300. 

Circle No 614 
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...the front line. 


If you need genuine, full-military electro- multiple interfaces and options such as touch 
luminescent (EL) displays, you are reading the entry, enclosures, etc. Custom sizes and inter- 
right ad. Every display we offer is designed faces can be supplied to meet your specific 
from the ground up to meet the toughest application. 
military specifications such as MIL STD 810C, If you don't need full military temperature 
etc. 

ranges, we can reduce the cost of the 
Key features are shallow depth, complete display—yet retain a high level of ruggedness 
on-board electronics and power converter, and performance—by substituting some com- 


ponents with selected commercial parts. 


Need ‘‘front line’’ keyboards too? 
We’ve got ’em. Custom military 
TEMPEST keyboards. 


e Full-travel 
e Nuclear hardened 
e Submersible 
e Multiple interface options 


For more information on these products, contact your local IEE 
representative now or call Stuart Siegel at (818) 787-0311, Ext. 237. 


Our 40th year of supplying tough products for tough customers! 


INDUSTRIAL ELECTRONIC ENGINEERS, /NC. 
Miltary Products Group 

7740 Lemona Ave., Van Nuys, CA 91409-9234 
sacs Tel: (818) 787-0317 © Telex: 4720120 IEE PPD 
—— _ FAX: (878) 902-3723 (G2/GY 
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VOLTAGE REFERENCES 


@ Current consumption as low as 
60 pA 

@ Available with 1% or 2% output 
tolerance 


The REF50 and REF50Z are 5V 
bandgap references with a recom- 
mended minimum operating current 
as low as 60 pA. The REF50 has an 
output voltage tolerance of +1%, 
and the REF50Z has an output tol- 
erance of +2%. Neither reference 
requires an external capacitor for 
stability. The devices’ output volt- 
age has a typical temperature coeffi- 
cient of 40 ppm/°C (70 ppm/°C max), 
and their output slope resistance is 
typically 20. You can operate the 
references with a supply current of 
between 60 pA and 5 mA. Both 
references are available in either a 
3-lead TO-92 plastic package or in a 
2-lead TO-18 metal package. £0.41 
(100). 

Ferranti Electronics Ltd, Fields 


New Rd, Chadderton, Oldham OL9 
8NP, UK. Phone (0616) 240515. 
TLX 668088. 
Circle No 443 
Ferranti Electric Inc, 87 Modu- 
lar Ave, Commack, NY 11725. 
Phone (516) 543-0200. 
Circle No 444 


CMOS pC 


@ Operates from 3V supplies 
@ Draws 20 pA in standby mode 


The 80C31-L is a 3V version of the 
80C31/C51 8-bit CMOS microcon- 
troller, which operates at clock fre- 
quencies from de to 6 MHz over a 
Vcc supply range of 3 to 6V. The -L 
version shares all the features of the 
standard part, including 4k bytes of 
ROM, 128 bytes of RAM, and fully 
static operation. With a stopped 
clock, the device has a typical stand- 
by current of 20 wA. The 80C31-L is 
available in a plastic or ceramic DIP 


or in a 44-pin chip carrier. $10.54 
(100) for a plastic, commercial-grade 
part. 

Matra-Harris Semiconducteurs, 
La Chantrerie, Rte de Gachet, 
44075 Nantes cedex, France. Phone 
(40) 303030. TLX 711930. 

Circle No 445 

Matra Design Semiconductor, 
2840-100 San Tomas Expressway, 
Santa Clara, CA 95051. Phone (408) 
986-9000. 

Circle No 446 


DEVELOPMENT SYSTEM 


e Runs as many as four trans- 
puters 

@ Uses the Occam-2 programming 
language 


Coupled with an IBM PC, a Re- 
search Machine’s Nimbus, or a com- 
patible computer, the TES develop- 
ment system helps you write 
programs for the Inmos 32-bit IMS- 


Measuring Device to PC 


Spreadsheet Software 


Learn to use a new Lotus 1-2-3 add-in 
module. This module acquires and stores data 
directly into Lotus 1-2-3 spreadsheets using 
standard 1-2-3 menus and new advanced 
macro commands. The data is immediately 
available for analysis and graphic display. 


I/O support allows control of GPIB devices, 
RS-232C instruments, A/D and D/A plug-in 
boards. 


e2 


A One-Day Tegining Course The course includes a Hands-on laboratory 


with several PC types, assorted software 


LOCATIONS: analysis packages and numerous instruments. 
* Atlanta, Georgia — January 5, 1987 

* Boston, Massachusettes — November 24, 1986 

* Chicago, Illinois — January 16, 1987 

* Cleveland, Ohio — January 12, 1987 

* Dallas, Texas — January 29, 1987 

¢ Denver, Colorado — January 23, 1987 

* Edison, New Jersey — November 17, 1986 

* Los Angeles, California — December 10, 1986 

¢ Jessup, Maryland — November 21, 1986 

¢ Mountain View, California — December 8, 1986 
* New York, New York — November 19, 1986 

* Philadelphia, Pennsylvania — January 7, 1987 

* Portland, Oregon — January 21, 1987 

* San Diego, California — December 12, 1986 

* St. Louis, Missouri — January 19, 1987 

* Toronto, Canada — January 9, 1987 

* Troy, Michigan — January 14, 1987 


National Instruments has experience 
supporting more than 40 thousand GPIB users 
on the PC. Lotus has experience supporting 
more than 2 million 1-2-3 users. 


¥ Lotus. 


55 Cambridge Parkway 


Call: National Instruments 
(512) 250-9119 

(800) 531-4742 in U.S. 
(800) LEEE-488 in Texas 
Cost is $95 per regisirant 


NATIONAL 
INSTRUMENTS 
12109 Technology Blvd. 


Austin, Texas 78727-6204 Cambridge, MA 02142 
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- a Al i Vv be compatible with all automated production techniques com- 
bj mon to PC board manufacturing. They can be installed with 
DIP auto-insertion equipment. They are sealed to withstand wave 
A iy A Pp. soldering and washing operations. And they provide both sens- 
ing and switching in a single space-saving device. Best of all, the 
Series 6600 combines production expediency with proven accu- 
6600 feature fast, positive response and excellent repeatability 
T ie a ~ M OST. T temperature rane of 4 OF) 0 
A 120°C (248°F ). To ensure performance, 
the temperature is factory pre-set, and cannot be altered in the 
4 ny A Di Bae field. Add automated thermostat installation to your PC board 
further details. Airpax Corporation, Frederick Division, 


New Airpax Series 6600 thermostats are specially designed to 
AC i oO my racy and reliability. Bimetallic snap-acting thermostats, the Series 
temperature range of 40°C (104°F) to 
production line. Call us today for configuration availability and 
PAC K AG = Husky Park, Frederick, MD 21701. (301) 663-5141. 
M A North American Philips Company. 


AIRPAX 


FREDERICK DIVISION 
See us at WESCON, Booth #1651 397 


EDN November 13, 1986 CIRCLE NO 287 


| 
| 
| 
| 
H 
} 


INTERNATIONAL 


398 


T414 parallel-processing Trans- 
puter using the Occam-2 program- 
ming language. The desktop system 
is available with between one and 
four Transputers. Each Transputer 
has 1M byte of local memory. You 
can reconfigure the serial links be- 
tween the Transputers to alter the 
system topology. The programming 
language lets you implement true 


PERFECT TIMING! 


Rhombus has created some brand new 
TTL delay modules — just when you needed 
solutions to your circuit-timing problems. 

Now, Rhombus high quality TTL 
delay modules are also available in auto- 
insertable, 8 pin auto-insertable mini-dip, and 
surface mount packages. Designed to speed 
installation and save space, these new delay - 
modules meet the same high-performance levels — 
of all Rhombus delay lines, and meet or exceed 
all applicable environmental requirements of 
MIL-D-23859, MIL-STD-883 and MIL-STD-202. 

Of course, the complete line of Rhombus 
passive, ECL and TTL buffered delay lines is 
also available to meet your circuit-timing needs. 

Looking for unencumbered design freedom? 
Now’s the perfect time to call Rhombus for your closest 

Rhombus representative or distributor. 


15801 Chemical Lane, Huntington Beach, CA 92649 
(714) 898-0960 e (213) 594-8918 

TWX: 910-596-1826 e FAX: (714) 896-0971 
TELEX: 295676 (RCA) RHOMBUS HTBH 
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parallel processing on a multiple- 
transputer version, or emulate such 
processing with the _ single- 
transputer version. An adapter 
board, which plugs into one of the 
PC’s expansion slots, lets the PC 
operate as an I/O- and file-server for 
the system. A single-transputer 
system, including link-adapter card 
for the PC and Occam software, 
£4230; 4-transputer system, £9080. 
Sension Ltd, Transputer Prod- 
ucts Div, Denton Dr, Northwich, 
Cheshire CW9 7LU, UK. Phone 

(0606) 44321. TLX 666468. 
Circle No 447 


DEVELOPMENT SYSTEM 


@ Runs Unix System V.2 on 68010 
C'PU card 

@ Has five spare VME Bus slots for 
user expansion 


The TSVME-962 VME Bus develop- 
ment system runs the Unix operat- 
ing system and has a 68010-based 
CPU card and a 2M-byte dynamic- 
RAM card. Mass storage comprises 
a 3%-in. floppy-disk drive with a 
formatted capacity of 720k bytes, a 
5%-in. hard-disk drive with 67M 
bytes of formatted capacity, and a 
streaming-tape drive with 60M 
bytes of formatted capacity. Two 
RS-282C serial ports, a Centronics- 
compatible parallel port, and a real- 
time clock are also provided. The 
system has five spare VME Bus 
slots, and a spare power-supply ca- 
pacity of 18A at 5V for expansion. It 
is housed in a 4U, 19-in. case with 
forced-air cooling. The development 
system is supplied with Unix Sys- 
tem V.2 (release 2.0) installed on 
the hard disk, together with an 
8-user Unix license. Approximately 
Fr fr 100,000. 

Thomson Semiconductors, 45 
ave de l’Europe, 78140 Velizy, 
France (3) 9469719. TLX 204780. 

Circle No 448 

Thomson Components-Mostek 
Corp, 7950 E_ Redfield Rd, 
Scottsdale, AZ 85260. Phone (602) 
951-2900. 

Circle No 449 
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This meter calibrator 
has to be 
precise, stable & versatile... 


al ee) rr 
The unique advantage of the series is that _ 
you can buy exactly the capabilities you | peed 
without paying more or getting less than your 
requirements call for. Write or call us today for 


prices and details on these and other Rotek 
calibration systems. 


Rotek’s fully-automated, precision calibration sys- T s 390 MAIN ST. 

tems are the most economical in the industry today. If RO EK BOX 504 

you calibrate large numbers of instruments, a system WALTHAM, MA 02154 
like this could save you time and money. INSTRUMENT CORP. (617) 899-4611 
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ABOUT SYNCHRO-CONVERSION ¢ HIGH-SPEED, HIGH ACCURACY D/A & A/D CONVERSION e¢ DATA BUS DEVICES 


PUBLISHED BY 


ILC DATA DEVICE CORPORATION 


NOVEMBER 1986 


SYNCHRO CONVERTERS? 


ONLY DDC CAN MEET 883 REV C 


RECENT CHANGES TO MIL-M-38510, MIL-STD-883, 
AND MIL-STD-454 AFFECT MILITARY EQUIPMENT MANUFACTURERS 


A number of very subtle 
changes have taken place, which 
will influence prime government 
contractors using hybrid micro- 
electronic devices. These subtle 
changes have been brought about 
by the need for improved quality 
and reliability through the is- 
suance of MIL-STD-883C_ in 
August 1983 along with MIL-M- 
38510F in September 1983. In ad- 
dition, MIL-STD-1772 issued 15 


May 1984 and Requirement 64 of 


400 


MIL-STD-454J issued 30 June 
1985 have further supported 
significant procurement policy 
changes. The most subtle and 
most profound change was the is- 
suance of Notice 4 in November 
1985 to MIL-STD-883C which 
mandates the implementation of 
MIL-STD-1772 for Hybrid Micro- 
circuit procurement by 29 
November 1986. If you are the 
recipient of any prime government 
contract or subcontract after the 
indicated issuance dates of any of 
the above cited specifications, 
then you are obligated to comply 
with the latest referenced re- 
quirements. There are some excep- 
tions, they are, however di- 
minishing, which permit the use of 
earlier specification revision com- 
pliance. 

MIL-M-383510F, with expand- 
ed Appendix G, provided more 
realistic requirements for Hybrid 
Microcircuit. MIL-STD-883C 
with its now famous ‘“‘truth in 
advertising’’ paragraph (1.2.1) 


Circle NO. 17 FOR SALES CONTACT 


revolutionized the Hybrid 

Manufacturing industry. It is no 

longer permitted to imply com- 

pliance with the ‘‘intent’’ of ap- 
plicable documents; it is necessary 
to demonstrate ‘‘total’’ com- 
pliance with every aspect of the 
applicable documents. Require- 
ment 64 of MIL-STD-454 forces 
procurement of Hybrid Microcir- 

cults to Appendix G of MIL- 

M-38510 and thereby also forces 

compliance with MIL-STD-1772. 

MIL-STD-1772 is a unique stan- 

dard in that it provides the vehicle 

for the government to audit 

Hybrid Microcircuit Manufactur- 

ing facilities for compliance to 

MIL-STD-883 Test Methods (Sec- 

tion A) and requires the Hybrid 

Microcircuit Manufacturers to 

qualify their parts, materials, and 

processes, (Section B) to demon- 
strate adequacy for military end 
usage. 

When a system or equipment 
manufacturer purchases Hybrid 
Microcircuits for military end 
usage, it must be demonstrated 
that the Hybrid Manufacturer 
has, as a minimum: 

1. Complete characterization 
data on the device. 

2. Can demonstrate full com- 
pliance to Method 5008 of 
MIL-STD-883 in regard to: 
—Element Evaluation for 

Active and Passive ele- 
ments as well as packages. 

—Process Control 

—Screening 


Djolc 


—Quality Conformance In- 
spection (Groups A, B, C, 
and D testing) 

3. Is compliant to the general 
requirements of MIL-STD- 
883 in regard to: 
—Environmental Control 
—Static Control 
—Test Conditions 
—Visual Criteria 
DESC has now made it easy for 

system equipment manufacturers 

to identify those Hybrid Microcir- 
cuit Manufacturers that have 

demonstrated compliance to MIL- 

STD-1772. The Custom Hybrid 

Manufacturer’s List (QML-38510) 

was issued on 31 March 1986. 

Manufacturers shown on this list 

have been Certified to Section A 

and Qualified to Section B of 

MIL-STD-1772. : 
System and equipment 

manufacturers not using Hybrid 
Microcircuit facilities listed on 
QML-38510 run the risk of having 
parts procured from non-QML 
sources disapproved or requiring 
very costly qualification testing 
imposed on these non-QML 
sourced parts. 

Contact us for a free copy of the 
application note ‘‘Understanding 
Quality Conformance Inspection 
of Hybrid Microcircuits.”’ Ss 


Djojc 


CERTIFIED AND 
QUALIFIED TO 


MIL-STD-1772 


Circle NO. 18 FOR LITERATURE 


ILC DATA DEVICE CORPORATION 


HEADQUARTERS AND MAIN PLANT: ILC Data Device Corporation, 105 Wilbur Place, Bohemia, N.Y. 11716, (616) 567-5600, TWX: 510-228-7324 
WEST COAST (CALIF.): WOODLAND HILLS, (818) 992-1772, TWX: 910-499-2674; SANTA CLARA, (408) 244-0831, TLX: 172775; HUNTINGTON BEACH, (714) 840-5723 
WASHINGTON, D.C. AREA: (703) 893-7989, TWX: 910-997-0967; NORTHERN NEW JERSEY: (201) 785-1734, TWX: 130-332 
EUROPEAN OFFICE: 01-387 4599, TLX: 851-261967; UNITED KINGDOM: (44) 635-40158, TLX: 851-848826; FRANCE: (1) 4-333-5888, TLX: 842-630609 
WEST GERMANY: (08191) 3105, TLX: 841-527128; SWEDEN: 46-8-920-635, TLX: 854-10952; JAPAN: (03) 490-0203, TLX: 781-34158 
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SLICE 


microprocessor 
development time 


SLICE, Emulogic’s unique hardware and software integration package, allows you to cut microprocessor devel- 


opment time significantly. 


SLICE, together with Emulogic’s new DE-1000 universal emulator, creates an extremely powerful development 
system for the price of a limited function emulator. 
SLICE and the DE-1000 are both host independent and operating-system independent. Operating in unison un- 
der MS-DOS, VMS, MicroVMS, UNIX, or Xenix, the two combine with your host computer to create the 
world’s most powerful development system ... sine qua non. 


Multi-level concurrent debugging: C, as- 
sembly, and state level. 

Instantly switch between languages (with- 
out restarting). 


Realtime full speed incircuit emulator— 
not just a software simulator. 


8 realtime hardware breakpoints define 
trap conditions in C, assembler, or 
hardware-level terms and/or a combina- 
tion of all three (prioritized). 


Symbolic realtime selective trace of C, as- 
sembly, and hardware signal states. 


Step (single or multistep) and trace by 


source line, instruction, or machine cycle. 


Comprehensive Debug Data Base — 
handles automatic (stack), dynamic 
(heap), and fast (register) variables as well 
as static. 

Step “over” or “into” call to functions. 


_ Examine/modify both local and global 


variables. 


Track movement of variables between 
registers and stack. 


Traceback and examine C function calls 


_and stack usage. 


— Only Emulogic’s SLICE and the DE-1000 allow: 


Evaluate expressions in C or assembler. 


Handles all data types including struc- 
tures and arrays. 


Non-intrusive, no-target software monitor 
required. 


Compatible with industry standard com- 
pilers, assemblers, and linkers. 


Examine system status and trace in C, as- 
sembly, and hardware levels. 


Register dumps while emulating. 

4 software-controlled logical switches. 
8 trigger inputs, 2 trigger outputs. 
Multiple, parallel breakpoint actions. 
8 phantom jumps/calls. 

In-line assembler and phantom linker. 


Up to 1 megabyte realtime emulation 
memory with single word resolution. 
Easy-to-use on-line help. 

Usable and remote or automated debug 
environments. 

User-controlled windows. 


Supports 68000, 68010, 68020, 8086, 8088, 
80186, and 80286 with others to follow. 


EMULOGIC 


MICROPROCESSOR 
DEVELOPMENT SYSTEMS 


One Edgewater Drive 
Norwood, MA 02062 

(617) 769-2980 or 1-800-435-5001 
Telex: 710-336-5908 


: VAX, VMS, MicroVAX, MicroVMS and DEC are trademarks of Digital Equipment Corp. IBM, PC/XT, and PC/AT are trademarks of IBM Corp. 
MS-DOS and XENIX are trademarks of Microsoft, Inc. UNIX is a trademark of AT&T. Emulogic, SLICE, and DE-1000 are trademarks of Emulogic, Inc. 
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Call 1-800-435-5001 
for our “Challenge Kit” 
and Demo Diskette. 


“The World’s Best 


Microprocessor 


Development System.” 
Since 1980 


ANALOG IS ALIVE 
AND WELL IN: 
A Designer’s Guide to 
Innovative Linear Circuits 


As exciting as digital technology 1s, 
you still need analog circuitry to 
operate on signals from real-world 
sources. Now, EDN 1s offering a 
wealth of analog design information 
in A Designer’s Guide to Innovative 
Linear Circuits. 

This 186-page collection of articles 
was developed by Jim Williams, one 
of America’s foremost linear-circuit 
designers. It includes practical and 
efficient ways to use op amps, com- 
parators, data converters, and other 
analog ICs, and discusses the the- 
ories behind all the design tech- 


niques presented. 


- Please send _ copies of 1 
signer’s Guide to Innovative | 
Circuits - 
0814.95 UPS 0817 


DRAFT ONLY) 
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NEW PRODUCTS 


EXPERT-SYSTEM TOOL 


@ Builds chained expert systems 
® Lets you specify rules by entering 
examples 


Version 3 of the lst-Class expert- 
system tool for the IBM PC uses a 
spreadsheet-like display for manip- 
ulating symbols rather than using 
If-Then commands. It allows you to 
build forward- and _ backward- 
chained expert systems by entering 
examples or by building rules on a 
graphics decision tree. Variables 
can be global, so that you have to 
answer a question only once; your 
answer is automatically supplied to 
other relevant rules in your chained 
expert system. Session logging and 
automatic report generation let you 
test, debug, and refine the knowl- 


SOFTWARE 


edge-base design. The package sup- 
plies a complete report of all ques- 
tions, answers, and advice for later 
analysis. A trace facility allows you 
to try various sets of examples and 
immediately test the effect of each 
on expert-system performance. The 
explanation facilities allow the 
knowledge base to display reasons 
for each piece of advice. When you 
use the “I don’t know” reponse, the 
program automatically switches 
from the precompiled rule to an 
interpretive match-inferencing 
method, which provides advice from 
matching examples. This version of 
the software also provides enhanced 
facilities for communicating with 
Pascal, Basic, and other MS-DOS 
programs. The program runs on a 
256k-byte IBM PC or a compatible 


computer running under MS-DOS 
2.0 or later versions. $495. 
Programs in Motion Inc, 10 Syc- 
amore Rd, Wayland, MA 01778. 
Phone (617) 653-5093. 
Circle No 450 


C COMPILER 


@ Supports function prototyping 
@ Alerts you to error of modifying 
the value of a constant 


Version 2.10 of this C compiler sup- 
ports function prototyping and the 
“const” and “volatile” data types as 
defined in the proposed ANSI 
standard for the C language. The 
compiler runs on the IBM PC and 
compatible machines. Function pro- 
totyping declares the characteris- 
tics of a function, including the type 


m 


hen it comes to 
urtace Mount 


adit more than 


just bent contacts. 


offers you 


ING, 


EDAC INC., 20 Railside Road, 
Don Mills [Toronto] M3A 1A4 
Tel: 416-445-2292 TWX 610-492-1398 


Edac’s innovative surface mount connectors have been 
designed to save you circuit space and critical time. Edac’s 
unique solder bushing mounting feature offers you four 
important advantages; 
1. Provides “Pick and Place” alignment. 2. Provides 
excellent retention during soldering process. 3. Provides 
additional mounting nea 4. Provides for easy Back- 
to-Back mounting on your PC board. s 

Now, you can save 50% of space and eliminate costly 
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“through holes” because this unique surface mount con- 
nector has been specifically designed for use with vapor 
phase or infra red reflow soldering techniques. : 

To help further control your quality, Edac’s “J” ibs 
termination allows for maximum solder fillets, full visua 
Se rll and instrumentation test points. Available in 

-38 pins. 

Technical data brochure, and sample connectors are 

available free. Please contact Edac. 


SOFTWARE 


of each argument, the function-ar- 
gument count, and the return-value 
type. This information allows the 
compiler to flag erroneous function 
calls and perform operations such as 
common-subexpression and dead- 
code elimination. The “const” and 
“volatile” data types give you more 
flexibility in declaring data. If you 
attempt to modify the value of a 


symbol declared as “const,” the 
compiler flags the error. The “vola- 
tile” modifier allows you to use the 
compiler in writing device drivers or 
routines that interface with inter- 
rupt handlers. The compiler imple- 
ments the Unix System V C lan- 
guage with ANSI extensions. A 
developer’s kit is available; it lets 
you use models having compact, 


PST RESET ICs IN CONTROL 


Mitsumi PST Reset ICs are the sure economical way to protect 
against erroneous operation or runaway of logic/CPU Systems. 
Single and Multiple detecting voltage circuits are available in 
T-092, 8 Pin Dip or 9 Pin Sip Packages. 


When your needs are: 


¢ Immediate on-off current switching correction 

e Instantaneous interruption control 

¢ Common reset signal to multiple link equipment 

¢ Memory control circuit for battery back-up 
Choose Mitsumi System Reset IC Series PST 


MITSUMI ELECTRONICS CORP. 

A wholly owned subsidiary of Mitsumi Electric Co. Ltd., Japan 

Head Office ¢ 35 Pinelawn Road, Melville, NY 11747 © 516-752-7730 

Chicago Office © 1895 E. Rohlwing Road, Rolling Meadows, Ill. 60008 © 312-577-2521 
Santa Clara Office ° 4655 Old lronsides Drive, Santa Clara, Cal. 95054 ¢ 408-970-0700 
Dallas Office © 6230 No. Beltline Road, Suite 320, Irving, Texas 75063 ¢ 214-550-7300 
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small, medium, or large memories. 
C Compiler, $60; developer’s kit, 
$99. 
Datalight, Box 82441, Kenmore, 
WA 98028. Phone (206) 821-6128. 
Circle No 451 


AI LANGUAGE 


@ Provides bit-mapped graphics 
and uindows 
@ Has built-in Prolog compiler 


Smalltalk/V, an enhanced version of 
the Smalltalk object-oriented pro- 
gramming language, transforms an 
IBM PC or compatible computer 
into a programming environment 
similar to a dedicated AI worksta- 
tion. You can use the software’s 
tools for developing AI and general- 
purpose applications. The package’s 
documentation includes a hands-on 
tutorial on AI techniques and ob- 
ject-oriented programming. It fea- 
tures bit-mapped graphics, win- 
dows, mouse support, a built-in 
Prolog compiler, object-swapping 
virtual memory, and a source-level 
debugger. The program is not copy 
protected. To use it, you need an 
IBM PC, PC/AT, or compatible 
computer with 512k bytes of RAM; 
a Microsoft or compatible mouse; 
and a CGA, EGA, Hercules, or 
AT&T graphics controller. $99. 
Digitalk Inc, 5200 W Century 
Blvd, Los Angeles, CA 90045. 
Phone (218) 645-1082. 
Circle No 452 


DIAGNOSTIC PACKAGE 


e Provides on- or off-line fault 
diagnosis 

@ Identifies generic malfunctions 
in peripherals 


TRW 700 Series Diagnostic Pack- 
age (TRW 700 SDP) is a comprehen- 
sive, menu-driven tool for trouble- 
shooting and maintaining VAX 
11/700 Series computer systems. 
It’s transportable from system to 
system. The program includes two 
subpackages. One of these, the 
TRW System Exerciser, provides 
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NEED HELP WITH COOLING 
DESIGN PROBLEMS? 


SOFTWARE 


on-line troubleshooting and fault 
isolation while the VMS operating 
system is running. It identifies ge- 
neric malfunctions in a wide variety 
of VAX-compatible peripherals. 
This subsystem runs on the VAX 
8600, 11/730, 11/750, 11/780, and 
11/785. (A Unix version of this sub- 
package is scheduled for later this 
year.) The other subpackage is a 


stand-alone version for use when 
operating-system software doesn’t 
boot. This subpackage runs on the 
11/730, 11/750, 11/780, and 11/785. 
$2000 (100). 

TRW Technical Training Cen- 
ter, 420 Hudgins Rd, Fredericks- 
burg, VA 22410. Phone (708) 898- 
Ta58: 
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GRAPHICS SYSTEM 


@ Lets you combine any number of 
data scales on one graph 

@ Can import data from other 
applications 


Grapher is a menu-driven graphics 
program for illustrating complex 
scientific data, such as linear and 
logarithmic data. The software lets 


you use five types of regression 
curves and four types of error bars: 
to represent data. You can combine 
an unlimited number of data scales 
and data lines on one graph, and you 
can generate grid lines automatical- 
ly. The program accepts data input 
from the keyboard or from external 
data files generated by Lotus 1-2-3, 
dBase, or a program that you have 
written. The program runs on an 
IBM PC, PC/XT, PC/AT, or com- 
patible computer with at least 256k 
bytes of memory, one disk drive, 
and DOS 2.0 or higher. $199. 
Golden Software Inc, Box 281, 
Golden, CO 80402. Phone (800) 972- 
1021; in CO, (303) 279-1021. 
Circle No 454 


SWITCHING 
POWER SUPPLIES 


DHIHONG 


HAVE YOU HEARD OF US? 

We’ve been in the power 

conversion business for over 

\ 1S years, building everything from 

\\15 watt linears to ISKVA UPS. Our 45,000 

74 sq.ft. factory uses the latest in statistical 

process control and our experienced engineers can 
provide you a design to meet your specific requirements. 
Here is a list of just a few of our standard products. 


For factory direct sales + service. 


Please contact PHIHONG USA, INC. 204 LOS GATOS BLVD. 
LOS GATOS, CA. 95030, TEL: (408) 395-9222, FAX: 408-395-3075 


DEVELOPMENT TOOL 


@ Generates source code and com- 
piled machine code 

® Can handle European data 
formats 


Version 3.2 of the Application Facto- 
ry is an integrated program-devel- 
opment and -maintenance tool that 
automatically generates informa- 
tion-processing programs from 
given specifications. It runs on the 
VAX/VMS computer. You can re- 
trieve data from programs previous- 
ly generated by means of the query 
facility; this facility uses context- 
sensitive, pop-up menus and de- 
mands no special syntax. You can 
format a report from the query re- 
sults for storage, display, or hard 
copy. The prototyping process is 
accelerated because this enhanced 
version produces both the program 
source code and the compiled, opti- 
mized machine code in a single step. 


SINGLE —_ 


3.0 2 1.0 L-BRACKET 
5.0 hs es Bak L-BRACKET 
10.0 4.2 | 3.4 
o/P POWER | +5V_ [+12V|-12V| MOUNTING [DIMENSION (INCH) 
PSA-533 


L-BRACKET 
40 2.5 2.0 | 0.1 OPEN P.C.B. 6.30 x 3.94x 1.77 
50 5.0 2.5 | 0.5 
5.0 2.5 | 0.5 
5.0 2.5 | 0.5 
MULTIPLE OUTPUT 


BOXED 5.67 x 3.15 x 1.89 
L-BRACKET 5.67 x 3.15 x 1.89 
OPEN P.C.B. 6.30x 3.94x 1.87 
ae a Sea ent se cee] as] mowers: one ies a 
7.75 x 4.25 x 2.25 
7.75 x 4.25 x 2.25 
7.75 x 4.25 x 2.25 
8.25x 4.25 x 2.25 
8.25x4.25x 2.25 
8.25x4.25x 2.25 


PSA-15 Hn 
PSA-25 UL 
PSG-50 UL 


TRIPLE OUTPUT 


3.87 x 3.81 x 1.37 
4.58 x 3.81 x 1.37 
6.37 x 4.03 x 2.00 


MODEL 


PSA-513 
PSA-523BU 
PSA-523TU 


UL/ TUV 

UL/CSA 

UL/CSA 
UL/CSA/TUV 


PSA-55-1 UL/CSA 
PSA-55-2 UL/CSA 
PSA-55-3 UL/CSA 
PSA-60-1 UL/CSA 
PSA-60-2 UL/CSA 
PSA-60-3 UL/CSA 
PSA-1354 UL/CSA 
PSA-1504 UL/CSA 
PSA-2004 UL/CSA 


SoSo999990 
anno sss NS SI 


BOXED WITH FAN | 8.34 x 5.90 x 5.90 


ON RWOWWOW 
ONOONONONO 
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Your most cost-effective choice 
for state-of-the-art jacketing material 
is Solef fluorocopolymer. It meets 
the stringent smoke and flame retar- 
dant requirements of the Steiner 
tunnel test—a necessity for tele- 
communication and data transmis- 
sion plenum cable constructions. 
And it has a myriad of uses in the 
demanding environments of the 
electronics, aerospace and com- 
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munications industries. That's why 
so many cable manufacturers are 
now using Solef resin for their jack- 
eting needs. 

Solef 11010-0003, which carries 
UL classification 910 for low smoke 
and flame spread, anda 150°C rating, 
gives you a jacket that’s as tough as it 
is easy to work with. Elongation is 
outstanding. Abrasion resistance is 
excellent. Plus, Solef jacketing has 
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a high resistance to both thermal 
aging and chemical attack. 

For more information about 
Solef fluorocopolymer’s infinity 
of uses and competitive price, 
call Bill Mould or Chuck Glew 
at 1-800-231-6313 (in Texas, 
713/522-1781). Soltex Polymer Cor- 
poration, PO. Box 27328, Houston, 
Texas 7/227. 


SOLTEX 


A SOLVAY AMERICA Company 


407 


SOFTWARE 


Other enhancements include hooks 
that make it easier to add custom 
logic to generated code; the ability 
to process European data formats; 
and an automated self-installation 
procedure. $42,000 to $150,000. 
Cortex Corp, 128 Roberts Rd, 
Waltham, MA 02254. Phone (617) 
894-7000. 
Circle No 455 


At Last. 


TOOL KIT 


® Creates documentation conform- 
ing to military standards 

@ Tracks changes made during 
project development 


The Documentation Support Toolkit 
(DST) helps you develop, record, 
and document information gener- 
ated in software development proj- 


another source for MILITARY 


Solid-State 
Relays... 


Micropac. 


Micropac SSRs replace the following industry series: 


M30 
M341 
M33, 33S 
MB85F, FS 


M86F 
M90F, FS 
M94F 
M92F 


M93F 
692 
693 
4N50 


Micropac Industries, Inc. © (214) 272-3571 


905 E. Walnut St. © Garland, TX 75040 USA 


TWX 910-860-5186 


FAX 214-494-2281 
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ects. It meets all relevant military 
standards, including MIL-STD- 
2167. The software has five major 
functions: Template Specification 
specifies a blank version of a form; 
Rules Specification allows you to se- 
lect processing rules for each field 
on the template; Template Usage 
helps you select and fill out a tem- 
plate to produce a completed form; 
Forms Retrieval lets you retrieve, 
display, or modify completed forms 
at a terminal; and Document Gener- 
ation helps you produce publication- 
quality documents, such as users’ 
manuals, test plans, specifications, 
and design descriptions. The pro- 
gram runs on an IBM PC/AT, a 
mainframe using Unix or Ultrix, or 
a VAX/VMS. It requires 1M byte of 
disk space and at least 2M bytes for 
processing. You need additional disk 
storage space for the forms and doc- 
umentation that the programs gen- 
erate. Basic DST, $20,000. 
Expertware Inc, 2685 Marine 
Way, Mountain View, CA 94043. 
Phone (415) 965-8921. 
Circle No 456 


C CROSS-COMPILER 


@ Generates ROMable code for 
68020-based target systems 

@ Allows user-selectable sizes for 
pointers and other data types 


The UniWare 68020 C Cross-Com- 
piler System, which runs under 
Unix, Xenix, or MS-DOS, com- 
prises a 68020 C compiler, a 68020 
assembler, a linker, a librarian, and 
all utilities. It implements the full 
Kernigan and Ritchie specification 
with standard extensions and new 
language features such as the 
“const” type specifier, function pro- 
totyping, and “lint”-like type check- 
ing. You can write programs in any 
combination of C and 68020 assem- 
bly language, and you have full con- 
trol over placement of program 
parts (eg, into areas of ROM and 
RAM). You can select the size of 
integers, pointers, and other data 
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EXTENDED RELIABILITY 


POWER SUPPLIES 


eae! 


PROVEN PERFORMERS 


Every day Arnold miniaturized, high reliability power supplies are in 
use in the field meeting the demanding needs of government/military 


applications like 1hese: | ; DESIGN YOUR OWN CONFIGURATION 
Airborne Command Center using Submarine Weapons by selecting from over 150 pre designed sub 
140 Arnold Models. Readiness Computer. | ax 
Mobile Microwave Remote Air Traffic fierce lin cients of falored. custom 
Communications Terminal. Control Terminal. : 


Miniature packages to 400 watts output. 
50% to 75% smaller than other switching 
Supplies. 

AC or DC inputs with 1 to 10 outputs. 


Ultra Reliable: MIL-STD-810C, MIL-E-5400, 
MIL-E-16400. 


Send for our ‘“‘DESIGN YOUR OWN” High Reliability 
Power Supply Catalog today. Better yet, call us toll free, 
1-800-421-8181 (in California 805/484-4221) and ask for it! 


ARNOLD Veto atem ARNOLD MAGNETICS CORPORATION 
4000 Via Pescador, Camarillo, California 93010-5049 « (805) 484-4221 » TWX 910-343-6468 


Shipboard Missile Simulator. 
Stinger Missile Test Set. 

Airborne Flight Data Recorder. 
Ruggedized Military Computer. 
Pershing II Missile Test Set. 
Satellite Positioning Link 
Shipboard Missile Launch System 


HIGH RELaBiuTy 
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SOFTWARE 


types. Optimizations include com- 
bining constants at compilation 
time, converting multiplications to 
shifts wherever possible, eliminat- 
ing superfluous test instructions by 
using already-set condition codes, 
and using the minimum required 
precision in calculations. The pro- 
gram comes in three versions: 
MS-DOS 2.1 or higher, $595; Xenix, 
$1390; Unix, $2790. 

Software Development Systems 
Inc, 3110 Woodcreek Dr, Downers 
Grove, IL 60515. Phone (812) 971- 
8170. 
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BACKUP UTILITY 


® For hard-disk files 
@ Automatically estimates space 
requirements 


For backing up and restoring any or 
all hard-disk files, DSBackup (ver- 
sion 2.4) is available for an IBM PC, 


Guaranteed Portability for 
your real-time systems. 


PC/XT, PC/AT, or compatible com- 
puter having at least 256k bytes of 
memory; for non-IBM PC-compati- 
ble MS-DOS computers; and for 
Macintosh and MacPlus computers 
having 512k bytes of memory. The 
program is menu or command-line 
driven; you can make all program 
selections through a 2-level menu 
system. Using MS-DOS and 
PC-DOS, you can back up single 
files, single directories, multiple di- 
rectories, or an entire hard disk. 
The program automatically esti- 
mates how much space you'll need 
on the backup device in order to 
complete the selected backup. You 
can access all of the program’s op- 
tions from the DOS command line. 
MS-DOS or IBM version, $69.95; 
Apple versions, $99.95. 

Design Software, 1275 W Roose- 
velt Rd, West Chicago, IL 60185. 
Phone (800) 231-3088; in IL or AK, 
(312) 231-4540. 
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A real-time, 
multi-tasking, 
ROMable monitor 
for C programs. 


Now you can have a portable base for 
embedded systems that lets you grow 
from 8- to 16- to 32-bit systems. JMI’s 
C EXECUTIVE permits multiple C pro- 
grams to run in a minimum hardware 
configuration when disk sub-systems 
are not appropriate. Only main 
memory is required. 


C EXECUTIVE is especially suited 

for high volume, low cost board level 
products for instrumentation, control, 
data acquisition, and other real-time 
applications. 


Features 


e Real-time, fully-preemptive task 
scheduler. 

e Optional file system available. 

e Context switching time less than 
100s for 16-bit CPU’s 


410 


e High Level Language Support— 
written in C, provides built-in 
interface to user applications code. 


e Highly Portable—supports LSI-11, 
Motorola MC6809 and MC68000/ 
MC68010/MC68020, Intel 
8080/8085, 8086/8088, 80186, 
80286, and 80386, Zilog Z80, AT&T 
WE32100, and the National 
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BACKUP PROGRAM 


@ Keeps track of changed files 
@ Backs up to hard-disk, floppy- 
disk, or tape drives 


Intelligent Backup DMS/PC enables 
you to back up your PC disk quickly 
by keeping track of the files that 
need backing up. The program 
prompts you to perform backup and 
saves time and disk space by distin- 
guishing permanent backup files 
from those that need daily updates. 
The package is compatible with 
IBM PC-DOS and LANs; it works 
with multitasking programs such as 
Topview, Desqview, and Microsoft 
Windows. It provides complete 
disk-data management. You can lift, 
rename, delete, create, and move 
files between directories without 
DOS commands. Using the soft- 
ware’s full-screen editor, you can 
change the attributes of a file, hide a 
file, or examine the contents of any 
file. The program has more than 200 


Semiconductor Series 32000. 


e JMI Portable C Library—a complete 
ROMable and sharable library is 
included. 


Order Now 


The JMI C EXECUTIVE single unit 
binary price is $575, and includes 
documentation, media, and shipping. 
Source code for all I/O drivers is in- 
cluded. Quantity discounts are 
available. 


The JMI Portable C Library is also 
available separately. 


To order, or for more information, write 
or call JMI Software Consultants, Inc., 
215-628-0846. 


Registered Trademarks: UNIX—AT&T, MC6809, MC68000— 
Motorola, Inc. 


Distributors: Sweden, Unisoft AB, S-41455 Goteborg, 
4631-125810; United Kingdom, Real Time Systems Ltd., 
Douglas, Isle of Man, British Isles, 624-26021; Japan, 
Advanced Data Controls Corp., Toshima-Ku, Tokyo 170, 
576-5351. 


JMI SOFTWARE CONSULTANTS, INC. 
P.O. BOX 481 ¢ 904 SHEBLE LANE 
SPRING HOUSE, PA 19477 
215-628-0846 
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Dow Corning Presents 


‘he Guide toTotal _ 
Electronics Protection 


Your world is high-performance electronics. Our 
- world is high-reliability protective materials. And 
whatever your needs are, we've got you covered. 


e protection of 
silicone, the process- 
ing ease of organics. 
SYLGARD* 567 potting/encapsulating 
material and SYLGARD* 577 adhesive 
give you the best of both worlds. They're 
primerless silicone materials so you save 
time in processing and eliminate priming 
errors. Plus, both SYLGARD 567 and 
577 keep their elastomeric properties at 
—55°C and hold their physical perform- 
ance properties at 200°C. 
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Fast-cure coating for 
fiber optics. 


OPTIGARD" optical fiber 
UV-cures in just 0.3 second 
20 times faster than thermal- curing 

coatings. And it protects : 
against moisture and “mi 
bends” better than ac 
coatings. It’s part of t 
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Here are a few examples: 


OPTIGARD family which includes 
fiber optics grade SiCl: core and cladding 


and OPTIGARD 5565 cable filler 
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New vacuum pump fluids 
perform. Cost less. 


In semiconductor-vacuum applications, 
pump fluids have to stand up to corrosive 
gases, heat and pressure. Dow Corning® 
711 mechanical pump fluid meets the 


test and costs less than other inert fluids. 
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Life insurance 
for semiconductors. 


Stress. Moisture. lon contamination. 
Voltage leakage. Alpha particles. All are 
killers of your devices, robbers of reli- 
ability. Now you have a defense against 
them. HIPEC’ coatings protect semi- 
conductors and hybrids through a wide 
range of temperatures and environments. 
They're available in a variety of forms 
from gel to firm elastomer and resins. And 
HIPEC ait are easier to ae s than 


Coating makes repairs 
on PC boards easier. 


A PC board coating simply has to be 
reliable. And with DOW CORNING* 
1-2577 conformal coating you get more: 
easy repairability when components need 
replacing. Add superior Pro 

tection in extreme é 
environments, 
versatile proc- 
essing with 
dipping or spray- 
ing, and you have 
all the reasons major 
automotive and military 
electronics companies 
choose DOW CORNING 


bee, 
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There’s more. 


There's also our unique team of experts 
whose only mission is to develop and 
customize coatings, adhesives, dispersions, 
sealants, and components specifically for 
you. Supported by dedicated research and 
manufacturing facilities, we will help you 


_ meet tomorrow’s challenges today. Ask 


about our Specialty Elastomers Group. 
Write Department C02310-A, 


Midland, MI 48686-0994. 
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DOW CORNING“ 


DOW CORNING 


Dow Corning, Sylgard, Optigard and Hipec are registered 
eee of Dow Corning Corporation. 


© 1986 Dow Corning Corporation. 
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SOFTWARE 


context-sensitive help screens. It is 
not copy protected. $149.95. 
Sterling Software, Software 
Laboratories Div, 202 E Airport 
Dr, #280, San Bernardino, CA 
92408. Phone (714) 889-0886. 
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FILE SERVER 


@ Provides intra- and internetwork 
communications 

® Compatible with Banyan Sys- 
tems hardware 


The TG-8000AT is a software-only 
version of the manufacturer’s file 
servers. It’s available with high-ca- 
pacity disk and tape peripherals 
that turn an IBM PC/AT or a com- 
patible computer into a multifunc- 
tion network server. The software 
features file and peripheral sharing; 
access to minicomputers, main- 
frames, and larger networks; and 
gateways between similar or dissim- 


HIGH REL 
«vated 


Lf. 
tx 


Teledyne Grictsignits seears a line of high reliability 
power transistors and darlingtons designed to meet 
aerospace screening and burn-in requirements 


assuring performance and delivery. 


The transistors are processed in our new wafer fab 
clean rooms using the latest processing techniques 
and equipment with state-of-the-art process controls 


and monitoring. 


Geometries currently in production cover NPN/PNP 
complementary transistors and darlingtons with 
ratings from 2 to 50 Ampsand 40to 500 Volts. Some 
standard types are 2N3719, 2N3720, 2N3766, 2N3767, 
2N3867, 2N3868, 2N5329, 2N5330, 2N5678, 2N6032, 
2N6033, 2N6274 to 2N6287, 2N6303, 2N6350to 2N6353, 
2N6377 to 2N6379, CMJ10004 and CM10005. 


“9* TELEDYNE CRYSTALONICS 


147 Sherman Street, Cambridge, MA 02140 


Tel (617) 491-1670, TWX 710-320-1196 


See Us At WESCON BOOTH #2062 
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ilar LANs. Streettalk, a global nam- 
ing mechanism, tracks all network 
resources. Multiple remote commu- 
nications links and network diagnos- 
tics are also available. The file serv- 
er is compatible with all Banyan 
Systems’ servers. TG-8000AT soft- 
ware for the IBM PC/AT and com- 
patibles, from $1895. 

Tallgrass Technologies Corp, 
11100 W 82nd St, Overland Park, 
KS 66214. Phone (918) 492-6002. 
TLX 437121. 
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DRIVER SET 


@ Lets you run Lotus software on a 
WY-700 graphics subsystem 

@ Shows more data than a CGA- 
compatible display 


You can use this driver set to run 
Lotus 1-2-3 (release 2.0) and Sym- 
phony (release 1.1) software pro- 
grams on the Wyse (San Jose, CA) 


EPROM-4 


in 1.1 seconds 


at no charge 


Distributor 
Inquiries 
Welcome 


UV Erase Lights 
Available 


OEM and K\V2 


e Programs 24/28 pin E/EEPROMs 
(2716 to 1 megabit) 
@ Blankcheck, Program, Verify 2764A 


e Three modes of operation 
@ MS-DOS Control Software included 


ECL-1 and 2 


@ Programs ECL PLDs (NSC and MMI devices) 

@ Stand alone or RS232C interface 

@ ECL-2 does functional testing 

@ Complimentary copy of NSC “PLAN” Software included 


7a. 


WY-700 monitor and graphics- 
board subsystem. This subsystem 
provides a 15-in. screen with resolu- 
tion of 1280800 pixels—finer than 
the resolution of a CGA-compatible 
display. The driver set is released 
under the Lotus-Phoenix Compati- 
bility Program. $25. 

Phoenix Technologies Ltd, 320 
Norwood Park 8S, Norwood, MA 
02062. Phone (800) 848-3787; in MA, 
(617) 769-7020. 
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LISP PACKAGE 


@ Available for VAX computers 
@ Features programming tools 


The Common Lisp language is now 
available for the VAX family of com- 
puters. The package offers you a 
development system that is consis- 
tent with all of the vendor’s other 
implementations of Lisp. In addi- 
tion to an optimizing compiler and 


Attention EPROM, EEPROM, and PLD users! 


Check International Microsystems 
for Your PROM Programmer Needs. 


At last, an affordable series of quality PROM 
Programmers that offers high performance. 


Prices start at $495 


/ s\ IM3016A 


@ 16-socket production E/EEPROM 
programmer 

® Gang or Set programming 

@ Intelligent and Quick algorithms 

We invite you to Check Us Out! 


800-237-4734 408- pales 
Outside CA e CA 
hie EAST ARQUES AVENUE SUNNYVALE. 


INTERNATIONAL 
MICROSYSTEMS 
INCORPORATED 
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It solid performance, 
handsome design and 
attractive price arent 
enough for you, 


theres more. 
Just ask us. 


With our quality Lighted Pushbutton Switches, 
you can afford to be choosy. Unimax delivers 
the style, performance and price benefits 
you expect, and some benefits you 
probably don’t. 
Like the broadest range of options 
from a single source. Prewirable, 
slide-on models for rapid, low-cost 
assembly. Oil-tight versions. Multiple- 
matrix and mechanically interlocked 
assemblies. And switches that shift from 
alternate to momentary at the flick of a lever. 
And there’s more. If you send us your specs 
4 with a description of your application on your letterhead, 
we'll send you a sample switch that matches your needs. Free. 
How much more will we do to be your source for 
switches? Just ask us! 


Call for the location of your nearest distributor 
or sales representative. 


Ci /Unimax 
Ives Road, Wallingford, CT 06492. (203) 269-8701. 
See us at WESCON, Booth Numbers 2464-2466 
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PICO 


DC-DC 


Converters 


DELIVERY —STOCK TO ONE WEEK! 


Actual 
Size 


PICQO’s high reliability DC-DC 
Converters are produced in an 
ultra-miniature encapsulated 
package. 

Over 80 different models 
operating over the temperature 
range of —25°C to +70°C 
without derating. 


Up to 250V DC Output 


Up to 1.25 watt output at 70°C 
ambient 


Ultra-miniature size (0.3" Height) 


5 input voltage ranges 5, 12, 24, 28 
and 48V DC 


28V Input/Output now standard 
e Input/dutput isolation 

100 megohm @ 500V DC 

Single and dual output 

No heat sink required 


BLET 983 an" 


A 
MLS to 85°C) 
2 ee! 


Over 300 miniature low profile 
standard models deliver 
up to 12 watts power. 


PICO also manufactures over 2500 
standard ultra-miniature transformers 
and inductors. 


Delivery— 
stock to 
one week & 


Electronics, Inc. 


453 N. MacQuesten Pkwy. Mt. Vernon, N.Y. 10552 


Call Toll Free 800-431-1064 
INNEW YORK CALL 914-699-5514 
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SOFTWARE 


interpreter developed according to 
the Common Lisp standard, the 
package provides the tools you need 
for programming. This implementa- 
tion has extensions that let you use 
a mouse, use a windowing facility to 
address bit-mapped displays, or edit 
your programs with a Lisp-oriented 
editor. The package provides error- 
handling and debugging tools. You 
can call up programs written in 
other languages, such as C, Pascal, 
and Fortran. Two versions are avail- 
able: the development system, 
which includes all utilities and tools 
required to develop Lisp applica- 
tions; and the run-time system, 
which lets you execute applications 
written with the aid of the develop- 
ment system. Development pro- 
gram, from $4000; run-time system, 
from $900. 

Lucid Inc, 707 Laurel St, Menlo 
Park, CA 94025. Phone (415) 329- 
8400. 
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DATACOMM PROGRAM 


@ Adjusts automatically to opti- 
mum data rate 

@ Can perform unattended file 
transfers 


PC/Freeway sets modem switches 
and allows you to connect your IBM 
PC to other PCs or to remote com- 
puter systems such as data services 
or bulletin boards. The program au- 
tomatically senses the proper data 
rate for communications and can 


shift both the called and the calling 


modems to different rates. An ap- 
pointment system allows you to set 
up file transfers that can take place, 
unattended, at any time that you 
specify. The program runs on the 
IBM PC and compatible computers 
equipped with Hayes and compati- 
ble modems, under PC-DOS and 
MS-DOS 2.0 and later. $99. 
SoftCorp 2340 State Rd 580, 
Clearwater, FL 33575. Phone (813) 
799-3984. 
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- Quality computer 
support furniture - 
hundreds of choices 


Emcor can supply you with the finest in both computer furniture 


and electronic cabinets. Select from a great 
number of widths, heights, depths, styles, colors... 


there are hundreds of configurations to make you | 
look good. (a= 
For all your computer support furniture needs, 

call Emcor. We’ve been creating electronic Crenlo, Inc. 


Emcor Products 


enclosures for more than 35 years. 


1600 Fourth Avenue N.W. e Rochester, Minnesota 55901 
(507) 289-3371 


See us at Wescon, Booth #3372, 3374, 3376 
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To get both economical EMI compliance 
and economical functional integrity, 
simply learn our phone number. 


Were Spectrum Control. And our business Were a research company. Were a design 
is controlling electromagnetic company. We're a diagnostic company. We're a 
interference. We've spent the last i. manufacturing company. Each part inter- 
15 years doing the basic research == @ie# _— facing with the others to increase 


our practical knowledge and func- 
tional capabilities almost daily. 
If you're looking for solu- 

tions to EMI pollution, please 
call. We can deliver the an- 
Swers youre looking for faster 
and less expensively than any- 
one else in the business. 


(814) 455-0966 


or Regional Sales Offices: 
EAST—(201)-528-8420 
NORTHEAST—(617)-458-9079 
_, WEST—(805)-257-2280 
E, NORTHWEST—(408)-735-9015 
W MIDWEST—(312)-888-8011 
SOUTH—(305)-724-4900 
SOUTHWEST—(214)-251-1669 


and developing the practical 
methodology that has made us 
an industry leader in designing 
and manufacturing filters, 
shields, gaskets and filtered 
connectors. 

We developed the technol- 
ogy before you developed 
the need. 

Our filtered 
D subminiature = 
connectors, for example, . 
make your computer 
comply with FCC Part 15 
while protecting your equip- 
ment against both radiated and 
conducted interference, without 
interfering with the way it works. 

And an automated pro- 
cess we pioneered and per- 
fected delivers them to you 
with quality control 
second to none. 

Our new geodesic struc- 
ture FCC open field test site is the 
only diagnostic and testing 
facility like it in the world. 


CY) Wescon/36. 


See us at Booth #1051 


SPECTRUM CONTROL INC. 


2185 West Eighth Street. 
Erie, PA 16505 
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= IDIN 
__ PRODUCT MAR) 


This advertising is for new and current products. 


Please circle Reader Service number 
for additional information from manufacturers. 


This new Polyphase brochure describes and 
illustrates our capabilities to custom design 
and manufacture transformers and other 
magnetic components for defense, aerospace, 
industrial and commercial applications. 
Polyphase magnetic components range in 
size from % gram to 500 Ibs., andin sophistica- 
tion from simple filters and inductors to com- 
plex 18-winding, 57-lead transformers. For a 
free copy, contact Polyphase Instrument Com- 
pany, 175 Commerce Drive, Fort Washington, 
PA 19034. (800) 221-POLY; in PA, (215) 
643-6950. 
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Broadband Data Transformer 


AIE Magnetics announces a new line of broadband data 
transformers which allow a differential transmitter and re- 
ceiver such as those found on a digital loop to be connected 
to a balanced transmission line. These devices have a band- 
width from 1 KHz to 1 MHz and, by splitting the line windings, 
allow DC power to be passed over the transmission line with 
minimum effect upon the digital signals. 


STAND ALONE 
MICROCONTROLLERS 


For engineers, designers, 
| experimenters, and others! 


Omnitronix, Inc. is now offering a self contained stand- 
alone 8031 based microcontroller package for your ap- 
plications development. The MSC-8031 Controller fea- 
tures two bi-directional RS232 ports, fully supporting 
serial pins 1 thru 8, 12, 20, and 22. The serial ports are in- 
dependently selectable for up to 19,200 baud. Front panel 
has two on/off buttons (plus power) and two controllable 
LEDs. The board supports one 2764 EPROM and one 8K 
SRAM. Internal expansion bus permits additional memory 
or I/O interfacing. All contained in an attractive solid alu- 
minum case. Controller package includes MSC-8031 con- 
troller, 8K SRAM, UL approved wall power supply, sche- 
matics, and programming examples. Kit price $249.00. 
Quantity pricing available. Call us at (206) 624-4985. Send 
for our catalog of peripherals and controllers. Omnitronix, 
Inc. is an experienced hardware/software developer for 
microcontroller applications. Call us for your custom 
programming requirements on our stand alone controllers 
or other PC based applications. 


Omnitronix, Inc. 
760 Harrison St. — Seattle, WA 98109 
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Multibus* System 
Supervisor 


EE/EPROM PROGRAMMER...with 
Eraser...the ‘‘BEST’’ for $1295.° 

DIGELEC Model 824 
@ RAM 512K, upgradeable to 2048K 
@ Programs 2716 to 271024, upgradeable 
@ MOS, CMOS, 40-pin micro P’s, no adapters 
@ Programs virtually all mfg’s, 220+ devices 
@ Time-saving quick-pulse & Int. algorithms 
@ Complete stand-alone editing, 16-char. display 
@ RS-232 Remote control, translation formats 
@ Optional IBM-PC/AT menu-driven S.W. 

*SPECIAL INTRODUCTORY PRICE 
PHONE 201-493-2420 

DIGELEC, Inc., 1602 Lawrence, Ocean, NJ 07712 


@ Also mfg of LOGIC, GANG, OEM, PC Board, 
& UNIVERSAL PROGRAMMERS 
See us at WESCON, Booths 3349 & 3351 
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ISDN ‘‘S”’ INTERFACE 

TRANSFORMERS 
AIE Magnetics introduces a newline of coupl- 
ing transformers designed for the Integrated 
Services Digital Network and for virtually any 
application that requires high-speed digital 
transmission — including key phones, ter- 
minals, work stations or computers. These 
units meet the specifications of the CCITT 
1.430 Recommendation and support the 
2B + Dchannels at a total line rate of 144 kbps 
to 192 kbps. 


AIE Magnetics AIE Magnetics, 
701 Murfreesboro Road, Nashville, TN 37210 701 Murfreesboro Road, 
(615) 244-9024 Nashville, TN 37210 615/244-9024 
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IBM PC COMPATIBLE RS232 EASI-DISK 
5%.” FLOPPY DATA STORAGE & 
TRANSFER SYSTEM 


Wl, . 
Reads & Writes IBM PC DOS 5%" Disks 
RS-232C 1/0 


Rugged Portable Package 
Host and/or Manual Controls 
ASCII or Full Binary Operation 
Baud Rates 110 to 19.2 K Baud 
Automatic Data Verification 

@ Price $1,095 in Singles - OEM Qtys. Less 
28 other systems with storage from 100K to 35 megabytes 
ANALOG & DIGITAL PERIPHERALS INC 


Cc 815 Diana Drive 
ADPI Troy, Ohio 45373 
513/339-2241 
TWX 810/450-2685 
Branch Off: Oklanoma City. OK - Factory: Yucca Valley. CA 
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EPROM DUPLICATOR WITH RS232 
The Model 98 has stand-alone programming 
for 2716, 2732, 2732A, 2764, 27C64, 2764A, 
27128, 27128A, 27256, 27C256, 27512, and 
270512 EPROMs, and 2816A, 2864A 
EEPROMs. Programming time for 27256 is 
190 seconds. A serial interface provides file 
transfer to/from IBM PC, or PC compatible. 
Silicon identifiers are supported for Intel, 
AMD, and SEEQ. Price $650, Software $40, 
Copy modules $18. Optimal Technology, 
Earlysville VA 22936. 804-973-5482 
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Crystek Crystals offers their new 16 page 
free catalog of crystals and oscillators. Of- 
fering state of the art crystal components 
manufactured by the latest automated 
technology. Custom designed or “off the 
shelf," Crystek meets the need, worldwide. 
Write or call today! 


CRYSTEK CRYSTALS 


1000 Crystal Dr. e Ft. Myers, FL 33907 
P.O. BOx 06135 e Ft. Myers, FL 33906-6135 
TOLL FREE 1-800-237-3061 
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Electronic Circuit Analysis 


ECA 2.2 is a high performance analog circuit 
simulator, with AC, DC, Transient, worst-case, Fourier, 
and Monte-Carlo analysis. A full nonlinear simulator, 
including nonlinear capacitors and inductors. Parts 
can vary over tolerance range and also with time, 
temperature, or frequency. Includes macro-models, 
complex y-parameters, transmission lines, and the 
ability to sweep components over a range of values. 
Easy to use. Fully interactive, and also batch mode. 
Analyze circuits bigger than 500 nodes. Runs on IBM- 
PC/XT/AT and compatibles. ECA 2.2 - $450. EC-Ace, 
a subset of ECA 2.2 - $95. Demo disk available. 


Tatum Labs, P.O. Box 698, Sandy Hook, CT 06482. 
(203) 264-3755. 


TRACKER 1700 STAND ALONE 15 TO 20 MBYTE 
POWER FAIL PROTECTED RS-232-C 
CARTRIDGE TAPE SYSTEM 

e Uses DC-300 Data Cartridges 

e Automatic Power Fail Restart with NO DATA LOSS 

e Auto-answer for Remote Sight Polling 

e 24K Battery Backed CMOS Buffered Stop-Start system 

e Dual RS-232-C ports with Independent Baud rate select 

e |deal replacement for Columbia, Tektronics and Tandburg 
tape drives. 

Quantity priced under 2000.00 

Ideal applications: Data Logging, Telephone Call Logging, File 

Transfer, Data Archiving, Process Control System Monitoring. For 

All of Your RS-232-C Data Storage Needs Contact 


INDICATORS 


Complete selection of attractive, low cost 
indicator lights in a variety of sizes, configura- 
tions, colors, and types — incandescent, neon, 
green glow, LED, flush and top hat styles, 
cartridge and holder ... with reflectors, custom 
legends, etc. Most in stock at competetive 
prices. 


INTER-MARKET, INC. 


O v 1946 Lehigh Avenue 
Wy EC Glenview, Illinois 60025 
(312) 729-5330 
CIRCLE NO 551 


Data Track USA 
9451 Sohap Lane 
Columbia, MD 21045 
301-992-9143 

Telex: 6971182 COLRESH 
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THE CY360 INTELLIGENT 
WAVEFORM SYNTHESIZER 


offers the most powerful and flexible 
source of audio and low frequency 
waveforms. Stored program 
generation of both 

standard and 

user defined 


IBM-PC/XT/AT COMPATIBLE 
POWER FAIL PROTECTED RS-232-C = 

FLOPPY DATA COLLECTION AND TRANSFER 
SYSTEM WITH UP TO 2.4 MBYTE OF STORAGE 


e Writes/Reads IBM PC/XT/AT compatible Disc 
¢ Power Fail Protected with NO Data Loss 

e Remote polling via auto answer modem 

e Front panel manual or remote operation 

e Single or Dual Disc system 

e Up to 223 Files/Disc 


Applications include: Data Logging, Program Loading, Telephone 
Call Logging, Store & Forward, and Message Handling. For All of 
Your RS-232-C Data Storage Needs Call 


Data Track USA 
9451 Sohap Lane 
Columbia, MD 21045 
301-992-9143 


NEW ENGINEERING SOFTWARE 


Filter designs active filters up to order 30. Bessel, 
Butterworth, Chebyshev, Allpass; High, Low Band- 
pass and Bandstop. Fully menu driven, Filter 
designs, plots, and selects component values for any 
filter in seconds. LSAP analyzes linear systems 
producing Bode, Nyquist, Impulse, Step Response 
and Root-Locus plots. Micro-CSMP simulates con- 
trol and servo systems with full support for non- 
linear behavior. Filter is $750, LSAP is $450, Micro- 
CSMP is $900 for the IBM PC. 


California Scientific Software 
1159 North Catalina Ave, Pasadena, CA 91104 
Telex: 6971182 COLRESH (818) 798-1201 
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+5 volt, 


simple TTL 

interface to any te 
microcomputer I/O port. *\ 
ASCII and Binary programmable. ™ 
24 Instructions. $195 (80/100) 


Cybernetic Micro Systems : ‘ 
P.O. Box 3000, San Gregorio, CA 94074 ™ 


(415) 726-3000 Telex: 171-135 attn: Cyberneti 
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NEW SOJ BURN-IN SOCKET 

¢ Compatible with many standard JEDEC 
devices. 

¢ 26 and 28 pin ZIF design on staggered rows 
of .050” contact centers. 

e 100 grams/pin normal force for high reliability. 

¢ 60° angle of contact assuring good wiping 
action. 

e 26 pin direct entry version also available. 


WELLS ELECTRONICS, INC. 
1701 S. Main Street, South Bend, IN 46613 
— 219-287-5941 
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IBM PC to HP 
file interchange !!! 


1. PCLIF (Rev 2.5) - New release of 
the software utility that allows 
the transfer of files between an 
IBM PC and HP computers using 
So disks. 
5.25" transfers don't require 
any additional hardware ! 

e 3.5" disk transfers require 
an ISS FDD35 drive system. 

@e runs on the IBM PC, XT, AT 
and the HP Vectra. 

FDD35 —- An external 3.5" DS/DD 

floppy disk drive system for the 

IBM PC and XT. 

@ easy connect to IBM PC disk 


| HIGH SPEED PULSE GENERATORS. This free 
new 68 page catalog describes over 100 models of 
ultra high speed pulse generators, impulse genera- 
tors, monocycle generators, samplers, delay gen- 
erators and accessories such as transformers, 
_ power splitters and scope probes covering the PRE 
range of Oto 250 MHz, rise times from 60 psec to 10 
nsec, pulse widths from 130 psec to 100 usec and 
amplitudes from 5 to 350 volts. 
AVTECH ELECTROSYSTEMS LTD. 
P.O. Box 5120 Stn. F 
Ottawa, Ontario, Canada K2C 3H4 
(613) 226-5772, TLX: 053-4591. 
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NOISELESS INVERTERS 


VOLTAGE, VARIABLE FREQUENCY, 50, 


FOR APPLICATION REQUIRING HIGH 


FULL RANGE OF INVERTERS FROM 50 
VA TO 1 KVA, PURE SINE WAVE VARIABLE 


60, 400 HZ, SOLID STATE, SELF COOL- 
ING, CONTINUOUS RATING-DESIGNED 


WRITE OR CALL FOR SAMPLE 
Low Cost Tempilabel° Temperature Monitor. 


Tempilabel® “Mwoutos™ 


38 C 43.C 49C 54C 


nteid NJ USA 


8€ OOL-Vr ON 


100 F 110 F 120 F 130 F 
CENTERS TURN BLACK AT RATING SHOWN 


So Pla 


How to put Fe ioe cau 
temperature gauge 
on everything. 


Label’s center spot turns black when surface to which 
itis affixed reaches specified temperature. Single- or 
multi-spot labels with pre-determined increment of 
ratings: 100°F (33°C) to 600°F (316°C). 1% accuracy 
guaranteed. 1 thru 8 ratings on each monitor with 
various increments. Self-adhesive, removable. 
TEMPIL DIVISION, Big Three Industries, Inc. 
2901 Hamilton Bivd., South Plainfield, NJ 07080 
Phone: (201) 757-8300 Telex: 138662 


See us at WESCON, Booth 3534 
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Only a Specialized Manufacturer Could Provide 
Versatile and Economic Products 


QUALITY, SUCH AS TELEVISION, TELE- 
PHONE, AND MICROWAVE COMMUNICA- 
TIONS. WE ALSO CARRY FULL LINE OF 
UNINTERRUPTABLE POWER SUPPLIES 
AND FREQUENCY CONVERTERS. 


With more than 11 years’ experience in this field, we | ™ 
proudly offer you various types of conductive silicone 

rubber pads, rubber pads with multicolor and screen : 
printing, silicone rubber overlay, rubber pads with ee 

screen printing on plastic keytops, 0 rings, washers, 

inner caps, tubes, etc., and screen printing flexible 

circuit boards. Please contact us for more information. 


drive controller. 
@ can be used by DOS and PCLIF. 
eS 
INNOVATIVE SOFTWARE SYSTEMS 
1611-D Crenshaw Blvd. Suite 122 


oo oe 4714 UPSHUR STREET GENERAL SILICONES CO... USA 
BLADENSBURG, MD 20710 Tel: (ete). 445-6038. Telex: 3716189 GScul. 
(301) 699-1144 Fax: 818-4456084 
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Card Size Digital Multimeter 
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PRODUCTION ZIF SOCKETS 
AT VERY AFFORDABLE PRICES 


ensure volts, ohms, 
even diodes, anywhere! 
4.5"H x 3" W x 0.5"D, weighs 3 oz. 

e 0.7% basic dc accuracy 

e 2V-450V ac/dc e 2 KIL — 2M. 

To order, send check or money order for 
$29.95 (CT residents add 712% sales tax.) 
plus $1.50 for handling and shipping or 
call TOLL FREE: 1-800-221-5749. 
FULL ONE YEAR WARRANTY. 


SIBER HEGNER NORTH AMERICA INC. 
sh 5 Landmark Square, Stamford, CT 06901 
z In CT: 203/967-4441 
= 
CA 90224 = (213) 537-5200 219-287-5941 


CIRCLE NO 561 CIRCLE NO 562 CIRCLE NO 563 


To advertise in Product Mart, call Joanne Dorian, 212/576-8015 
DN November 13, 1986 — 419 


e Designed and priced for volume users. 
e Easy to operate...no tools needed. 
e Prevents lead damage to IC devices. 


Toroids for any requirement...standard 
high current units from 5 uH/11 A to 4500 uH/1A 
...encapsulated from .01 uH/3A to 8200 uH/ 
55 mA...application assistance and custom 
winding per your requirement.. -catalog on 
request. 


SEE US AT WESCON IN BOOTH 2060 


e Saves valuable board space. 
e Available in 24-, 28-, 40- and 64-leads. 


WELLS ELECTRONIC, INC. 


1701 S. Main Street 
South Bend, IN 46613 


JW. Miller Div Soi /Bell Industries 
19070 Reyes Ave., Rancho Dominguez 


FIRST MOTOROLA MVME 117-3 COMPATIBLE BOARD. 


The MIKULTVME 1611 is a surface mount, direct 
plug-in replacement for the MVME-117-3 ¢ 68010 
at 1OMHz, site for 68881 ¢ 512K expandable to 
1 megabyte using SIP strips © Two 8 bit parallel 
and 1 serial port ¢ SCSI interface, battery backed- 
up clock, 4 EPROM sockets for up to 256K 
EPROM e Available from stock. TL Industries, 
Inc., 2541 Tracy Rd., Toledo, OH 43619. 
419/666-8144. 


TL INDUSTRIES 
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"| 
TEST & DESIGN CIRCUITS USING IBM PC 
The Personal Protosystem is a multi-purpose interface for the IBM PC. 
Inexpensive enough to be used simply as a data acquisition system, but 


useful for much more. Perfect for designing and testing circuits. Turns 
the PC into a powerful yet flexible automatic test station. 


e 2 ADCs e 3 Programmable 

e 2DACs Counter/Timers 

e32TILI/OBits © Power Supply 

© 4 MHz Clock ¢ Software Included 
$425 for complete system. 


Ajida Technologies, Inc. 
613 Fourth Street, Santa Rosa, California 95404 
Phone: (707) 545-7777 Telex: 910-240-2206 


CIRCLE NO 567 
NEW EPROM PROGRAMMER 


FRINGE A AS ABER 


The EP-1 is a great value, here’s why: 
e IBM PC Software Included or RS-232 to any computer 
e ASCII Command driven operation; All intelligence in unit 
e Bore Programs, Copies over 150 types from 2716 to 


¢ Optional Intel microcontroller programming head 

¢ Menu-driven Chip Selection; No Personality Modules 

e Fast, Slow, Quick-Pulse Programming Algorithms 

e Intel (8080 & 8086), Motorola, Tekhex, Straight Hex Files 

¢ Splits Files by Base Address and Odd/Even (16 bit 
systems) 

¢ Gold Textool ZIF |C socket ¢ Full One-Year Warranty 

¢ Generate & Set Checksums ¢ 5,12.5,21,25V Programming 

¢ Over-Current Protection e U.V. Erasers From $34.95 

¢ 8 Baud Rates 300 to 38,400 


BP Microsystems 
5325 Glenmont, Suite E, Houston, TX 77081 
(800)225-2102 (713)667-1636 
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MOTOROLA® MICROMODULE MM 17 
COMPATIBLE MIKUL® 6809 BOARD. 


Provides greater flexibility at lower cost ¢ 6809 
based with 8/16 bit architecture ¢ Two RS-232 
C’s, DTE or DCE # Six 28 pin JEDEC sockets sup- 
port 64K of RAM, ROM, EPROM and EEPROM e 
Buffered parallel |/O, 16 bit data and 4 control 
lines © 1.50r 2 MHztiming @ Available from stock. 
TL Industries, Inc., 2541 Tracy Rd., Toledo, OH 
43619. 419/666-8144. 


TL INDUSTRIES 
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IN-CIRCUIT EMULATOR 


e Connects to IBM-PC/XT/AT via RS-232 port 

e Emulates 8051/52/31/32/59 and CMOS versions 

e Real Time, non-intrusive emulation up to 16 Mhz 

e Real-time Trace Buffer (2k * 72 bits wide) 

e Complex hardware Events with loop counters 

e Windows for SFRs, Internal & External Memory with mouse support 
e Program performance analysis & activity monitor 

¢ Symbolic debugging, assembly & disassembly 

e Supports PL/M-51, ASM-51, C-51 and most assemblers 
e Prices start from $3,195.00 

© 8048/49/50 models available $1,795.00 


SIGNUM SYSTEMS 


1820 14th Street, Suite 203 
Santa Monica, CA 90404 (213) 450-6096 
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CROSS 
ASSEMBLERS 


Linker, Librarian 


for 
PC/MS DOS $295 
micro VAX $995 
VAX VMS $995 
VAX UNIX/ULTRIX $995 


targeting over 
30 microprocessors 
output in standard object codes 
relocatable 
macro 
ENERTEC, INC. 

Box 1312 

Lansdale, PA 19446 USA 


Telephone 215-362-0966 
Telex 4948709 ENERTEC 
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1 MB MASS MEMORY MODULE. 


Mass Memory Modules—the size of a business 
card @ Install directly over board components ¢ 
1 megabyte DRAM board with controller has 
140 ns. access time ¢ 512K low power SRAM at 
150 ns. ¢ 512K fast SRAM at 60 ns. @ Utilizes 
surface mount technology and plugs into 2 SIP 
sockets which occupy 0.7 sq. in. of board. Avail- 
able from stock. TL Industries, Inc., 2541 Tracy 
Rd., Toledo, OH 43619. 419/666-8144. 


TL INDUSTRIES 
CIRCLE NO 566 


A Lot 
For A Little 


Reach 137,000 
specifiers of electronics 


components, equipment, 
and systems for 
only $725. 


% 
EDN Product Mart 
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The single board controller 
MAPS901 from Maple Systems 


$745 


The MAP901 controller offers two serial portse OPTO22 
compatible parallel |/O, real time clock, and 8 analog 
inputs. This local controller is programmed in Basic 
and able to execute programs from user selected 


RAM, EPROM or EEPROM. 
22125-17th Ave. S.E. #117 Bcd 
Bothell, WA 98021 cgume 
(206) 486-4477 TELEX: 5106018314 “Sys ems 
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MORE IN RELIABILITY 
AND VALUE FOR MONEY 


TRIGGERING OSCILLOSCOPE DIGITAL MULTIMETER (4%) 


DIGITAL FUNCTION GENERATOR FREQUENCY COUNTER 


ey PLEASE CONTACT US FOR DETAILS **** 
GOOD WILL INSTRUMENT CO., LTD. 


NO. 18 LANE 54 CHUNG-CHENG ROAD, HSIN TIEN, 
TAIPE! HSIEN, TAIWAN, R.O.C. TEL:(02)917-9188 
TELEX: 32518 GWINST. FAX: (02)917-9189 
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Communications Board 


/ 
eFor IBM-PC/AT/XT and | 
compatibles 
eDual RS-422/RS-485 interface 
eDifferential drivers to 4000 ft. 


Fast Delivery 
QUA TECH, INC. 


478 E. Exchange St. Akron OH 44304 
(216) 434-3154 TLX: 5101012726 
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SBC88 DEVELOPMENT AND 
A_ CONTROL SYSTEM 


WRITE IT - RUN IT - ROM IT 


An 8088 based single board computer that is so simple to use, you will 
be developing applications programs the first day! 


e Choice of 8K BASIC or FORTH ~=—® RS-232 terminal and 

in ROM parallel printer port 
e 8 channel, 8 bit A/D converter © 7 current sinking outputs 
¢ Two 8 bit input ports rated at 500 mA, 50 VDC 


Two 8 bit output ports e Up to 32K of user memory 
e Time of day e Onboard EPROM programmer 
e Floating point UNIFORTH 

available 


*INVENTORY REDUCTION SALE 
SBC88-2K $129, while stock lasts 
*SBC88-8K $199 ($59/1000) 


Vesta Technology, Inc., 7100 W. 44th Avenue, Suite 101, Wheatridge, 
CO 80033 (303)-422-8088. 
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graphic boards, printers and plotters 
* Over 2000 unique library parts 
* Part rotation & mirroring 
* Rubberbanding of wires & buses when objects are moved 
* Supports A through E size sheets 
¢ Visible grids, 5 zoom levels 
¢ Color & monochrome graphics 
* Draws non-orthogonal wires & buses 
* Step & repeat with auto increment/decrement of labels 
* Powerful keyboard macros & auto panning 
* Net/wire list, BOM, design check & library creation utilities 


OrCAD gives you so many features, nothing else even comes close. 


Why settle for anything less? At only $495 you will discover that 


OrCAD/SDT is the most powerful and cost effective schematic design 


tool available ...at any price! 


Call today for your Free Demo Disk and brochure. All orders are 


shipped from stock for immediate delivery! 


OrCAD Systems Corporation 

1049 S.W. Baseline, St., Suite 500 
Hillsboro, OR 97123 

(503) 640-5007 


D CONNECTORS 


ALL BEST IS THE BEST CONNECTOR 
MANUFACTURER IN TAIWAN, WE SUPPLY THE BEST 
QUALITY PRODUCTS AS FOLLOWS: 
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D Microminiature Connector — metal 9P, 15P 21P, 25P, 31P, 37P, 51P 
HDD-22 Commercial Connector — 15P, 26P, 44P, 62P, 78P, 104P 


Crimp Contact 
Solder Type — 9P, 15P, 25P, 37P, 50P 
Riyht Angle — 9P, 15P, 25P, 37P, 50P 
e Zinc Alloy Hood — 9P, 15P, 23P, 25P, 37P, 50P 
e Plastic Hood — 9P, 15P, 25P, 37P, 50P 
e Centronics Connector — 14P, 24P, 36P, 50P 
¢ D-Sub IDC Type, Centronics IDC Type 
e Y Cable for Dual Disk Drive 
¢ Cable Assembly 


ALL BEST ELECTRONICS CO, LTD. 
No. 84, Lane 43, Hwa Cheng Rd., Hsin Chuang city, Taipei Hsien, Taiwan, R.0.C. 
Telex: 32433 ABECO Tel: (02) 992-7800, 992-9534 Fax: 002-886-2-9927801 
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ELECTRONIC 
ENGINEERS TECHNICIANS 
MANAGERS See BUYERS 


PARTLISTER 


For PC Compatibles 


GENERATES ERROR FREE REPORTS 
Parts Listing Summary Bill of Materials 


Easy to Learn Easyto Use Well Documented 
DATA FIELDS INCLUDE 


Reference Designator Mil Spec Number 
Part Type/Value Preferred Manufacturer 
Company Part Number Description (Comments) 

Cost 


REGULAR $59.95 


* * * * * 


NOW *TIL FEB 1, 1987 


$39.50 


& Add $3.00 Shipping and Handling 
(In California add 6.5% sales tax) 

| i Send check or money order to: 

\A/| RE LIVEWIRE SOFTWARE 


P.O. Box 773 

Pacific Palisades, CA 90272 
SOFTWARE 
CIRCLE NO 580 


(213) 454-4492 


e 
e 
* D Subminiature Connector — crimp-type 9P, 15P, 19P, 23P, 25P, 37P, 50P 
e 
e 
e 


KEEPS GETTING BETTER 


* Runs on IBM PC/XT/AT or compatible, supporting most common 
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CY525 3rd generation 
STEPPER MOTORCONTROLLER 


most intelligent controller offers 
linear ramping, 10,000 steps/sec, 
unlimited stepping, change 

rate on the fly, read 

position on the 

fly, and 

much 

more. 


CY512 

compatible, 

40 pin, +5 volt + 
TTL, 8 bit I/O interface Ne 
to ucomputer. $195 ea ($80/100) 
Prototyping board available. 


Cybernetic MicroSystems ‘w*® \ 
P.O. Box 3000, San Gregorio, CA 94074 was 


(415) 726-3000 Telex: 171-135 attn: Cybernetic 
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SLICE® 
MICROPROCESSOR 
DEVELOPMENT 

TIME BY 40% 


DE-1000 


@ portable, independent, easy-to-use development system 
works under MS-DOS, PC-DOS, VMS, Micro-VMS, 
UNIX, and XENIX. 

@ SLICE - source langage in-circuit emulation - non- 
intrusive symbolic de-bug package for C and assembly 
level code. 

@ universal - supports various families: 8086, 8088, 
80186, 80286, 68000, 68010, 68020, 68008. 

@ extremely powerful breakpoints, triggering, and trace 
Capabilities on C, assembly, and bus cycles. 

@ on-line HELP available. 


It’s the world’s best microprocessor development system. 
Challenge us to prove it. Call 1-800-435-5001 or 617-769- 
2980. 


EMULOGIC 


One Edgewater Drive, Brookside Park 
Norwood, MA 02062 


CIRCLE NO 581 


To advertise in Product Mart, call Joanne Dorian, 212/576-8015 
ON November 13, 1986 421 


SOLUTIONS FOR DATA 
COLLECTION/CONTROL 


MULTIBUS: 


Your Time Has Come! 


The mSBX-241™ 
Multimodule is a 
robust, precision Real- 


Six Port 
RS-232-C 


SubLAN 


Time Clock/Calendar 

in SBX format with on- 

board battery backup. 

General Features: MC600 SERIES CONCENTRATOR 


C] For high performance systems: 

no wait states or software overhead 
| Attaches to all SBX and BLX compatible Multibus boards 
(] Programmable alarm clock and periodic interrupts 
_] 12 or 24 hour time modes, in both BCD and binary format 
_] Internal 100 year calendar with leap year compensation 
_] Selectable automatic Daylight Savings compensation 
CL) Contains fifty bytes of general purpose non-volatile RAM 
_] RMX-86/286 drivers supplied on diskette 


For more information contact: 


Medinova Corporation 


Intelligent Systems Group 
244 West Court, Palatine, Illinois G(0067 
_ Telephone (312) 934-4700 


Multibus, Multimodule TM Intel Corp. 
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Permit multiple pairs of devices to share the 
same modems and telephone lines to reduce 
telecommunication costs. 


e Microcomputer Networking 

Concentrator to Concentrator Networking 

Full Duplex 

Remote and Local Resource Sharing 

Point of Sale Concentration 

NETWORK TO OVER 500 PORTS 
1-800-252-ALGO 


301-730-7442 
Telex #333405 ALGO COL 
CIRCLE NO 583 
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B8-BE ARE THE USUAL BINARY BITS. SCII/ISO 
01-07 ARE THE IEEE DATA BITS. 3 a: 
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Pro68 680 x 0 Processor Card 
Pro68 680 x 0 Processor Card for IBM PC, XT, 
AT and compatible. Contains 680 x O MPU, 10, 
12, 15Mhz, 1Meg memory, 2 serial I/O, 68K 
expansion bus. Systems include OS9/68K, 
CPM68K, PC DOS68, UNIX V. Languages 
include C, Asm., Fortran, Pascal, Basic, Forth. 
Supports 68000, 68010, 68020, floating point 
chip, memory expansion to 6 meg., up to 16 
serial channels, plus more. Dealer/Dist. in- 
quiries welcome. OEM prices start at $495. 


FREE - A POCKET-SIZE IEEE-488/ASCII/ 
BINARY/DECIMAL/HEXADECIMAL 
CODE CONVERSION CHART 


At your fingertips — the definitive ASCII chart - business 
card size for easy referral. CmC manufactures analog/ 
digital/BCD data acquisition products and protocol bus 
converters, interfaces, extenders and bus testers for 
IEEE/GPIB/RS-232/RS-422/RS-485. Request your free 
pocket-size ASCII chart and receive our catalog which 
also includes an 812 x 11” chart. 


1-800-426-2872 


HSC Inc. 
267 North Main, Herkimer, NY 13350 Connecticut microComputer, Inc. 
568 Danbury Road, New Milford, CT 06776 
(315)866-7125 203-354- 9395 TWX 7104560052 
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ELIMINATE DECOUPLING CAPACITORS 


CAP-8 ELORE COMPONENTS INC 


CAP-BUS® CAPACITOR/BUS BAR 
Eliminate the decoupling capacitors and the 
power and ground traces from your PCB for 
more reliability. CAP-BUS® has a distributed 
capacitance of .05 micro-farads per lin. in., at 
50 VDC with low inductance and low im- 
pedance. The capacitor and the bus bar have 
been joined together for CAP-BUS®; a more 
efficient capacitive decoupled power dis- 
tribution system, increasing IC density on a 
two sided board. 


1500 Jefferson Rd. 
Rochester. NY 14623 
(716) 427-7280 


ELDRE COMPONENTS, INC. 
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NEVER BEFORE AVAILABLE... 


e PIN-GRID ARRAY TEST CLIPS 

e LCC-PLCC TO DIP ADAPTORS 

e DIP (LOW PROFILE) TEST CLIPS 

e LCC/PLCC TEST CLIPS 

e DIP TO PGA ADAPTORS 

e PGA BREADBOARD ADAPTORS 

e PGA INSERTION/EXTRACTION TOOLS 


Emulation Technology Inc. 


422 Ives Terrace 
Sunnyvale, CA 94087 
415/960-0652 
Telex #171618 
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Small Space 
Advertising 
For Big 
Results 


EDN sheds Mart 
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ws DIGITAL 
DISPLAY 
BEZELS 


C4 PLASTIC BEZELS & FILTERS 


Po e INSTALLS RAPIDLY WITHOUT TOOLS 
* PROVIDES ATTRACTIVE 

PANEL APPEARANCE 

[ee one 

za pigs 

ees es 


CALL OR WRITE FOR OUR COMPLETE CATALOG 


— (312) 879-0020 — 
. RMF PRODUCTS 
PO BOX 520, BATAVIA, IL 60510 
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Flow Charting II“ 
FAST. SIMPLE. SPECIFIC.| == 


Now build, update and print process flow 
and organizational charts 
easily, confidently. 


¢ Readjust chart immedi- 

ately after addition or deletion 
@ Travel quickly across a 120 

or 200-column screen 
e Move a single character or 

half a chart - instantly. 
Present the true, current picture. Use 
Flow Charting Il on your IBM®-PC 
compatible system. General Motors, 
Bechtel, Touche Ross, Fairchild and 
500 other major US corporations use it. 


1-800/672-3470, ext. 897 Calif. 
1-800/538-8157 ext. 897 National 
408/629-5044 Intemational 


PATTON & PATTON 


340 Lassenpark Circle 
San Jose, CA 95136 


IBM is a registered trademark of International 
Business Machine Corp. 


~118. 888 


ee neg EE aman Sprague-Goodman. 

I, e 
Advanced Active Filter Design Software The world s largest selection 
Active filter design program release 2.00 designs of Smm (or smaller) 


most types of active filters, including elliptic. Calcu- 


lates values for MFB, VCVS, biquad, state variable trimmer capacitors. 


and Reticon filter circuits. Interactive graphics for 


gain, phase and group delay frequency response The most wanted features found in various models 


and impulse or step response of the complete filter include high stability, low cost, very small size, and 
or individual section. Cascade filters or modify cir- very high Q at high frequency. 


cuits and observe effects. $450. 


RLM Research Sprague-Goodman Electronics, Inc. 
P.O. Box 3630 


(An affiliate of the Sprague Electric Company) 
Boulder, CO 80307-3630 nH : Hee 134 Fulton Ave., Garden City Park, NY 11040 
(303) 499-7566 U 516-746-1385 ® TLX: 14-4533 
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Bubble-Memory 
cassette jm! 
system * 


Solid-state replacement for floppy disks. 

e Same size and same mounting holes as 5-1/4”’ 
floppy drive. 

e 128 Kbyte or 512 Kbyte bubble cassettes. 

e Full-height and half-height drives. 

e Inherently non-volatile — no batteries! 

e Directly compatible with Q® -Bus, VMEbus, 
STD-bus, MULTIBUS, VERSABUS & IBM® -PC. 

e Internal RS-232/RS-422 controller also 
available. For detailed specs and applications 

help, call or write: 


> 3uddI-tec 


Division of PC/M Inc. 


6805 Sierra Court, Dublin, CA 94568, (415) 829-8700. 


HIGH POWER DC REGULATED 
POWER SUPPLIES 1.5 ana skw 


rating. 52 standard models with outputs 
ranging from 12 to 480 Vdc at 3 to 200 
amp. Units are compact and lightweight, 
up to 88% efficient and available in rack- 
mount or OEM module versions. 
Features include low-ripple, high MTBF 
and capability for custom design 
variations. For details, call: DISPLEX, 
INC., 1 Alexander Place, Glen Cove, 
New York 11542 (516) 671-4400. 
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FREE DEMO DISK 

SCHEMA is acomplete, integrated schematic draw- 
ing software package for IBM Personal Computers. 
Use SCHEMA with your PC to draw schematics and 
automatically generate design documentation such 
as Wire and Net Lists, Bills of Materials, Design Rule 
Checks, etc. SCHEMA is $495 and supports most 
common PC hardware configurations. Call or write 
today for a free demo disk and brochure. 


OMATION INC. 
1701 N. Greenville Ave., Suite 809 
Richardson, TX 75081 
(214) 231-5167 


CIRCLE NO 596 
68020 
Big Performance Boost! 

, a 
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CY232 NETWORK CONTROLLER 
AND PARALLEL-SERIAL INTERFACE 


will connect any RS232 CRT or computer 
to any 8-bit parallel TTL I/O port 
and works with one port or 
up to 255 parallel ports 
in several network 
configurations. 


mW 


e 500% plus performance. e Plugs into any existing 
68000/68010 socket. e On-board 68881 floating point 
math coprocessor chip. e Runs all 68000/68010 pro- 
grams. e Great for prototyping the 68020 CPU & 68881 
floating point math coprocessor. ¢ 222% Performance 
improvement over the 68000 at 12.5 mhz; the EDN 
linked list insertion Benchmark showed at 248% 


improvement. 
Computer System 
Associates, Inc. 


In MA, (617) 938-8390. 7564 Trade St., San Diego, CA 92121/(619) 566-3911 
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Component Analyzers, LCR Bridges, 
and Inductance Analyzers. 

4igh-quality, accurate, easy-to-use, micro- 
drocessor-based instruments for testing inductors, 
transformers, resistors, coils, or capacitors in design, 
manufacturing, and quality assurance. Catalog 
ncludes complete technical parameters and 
selection guide. 


Binary, and >. 
ASCII-hex modes -_ 
of operation for 

maximum flexibility 

$75 ea. ($30/100) 

Prototyping board available. 


ee 
Cybernetic Micro Systems 
P.O. Box 3000, San Gregorio, CA 94074 


(415) 726-3000 Telex: 171-135 atm: Cybernetic 


Wayne Kerr Inc., 600 West Cummings Park, 
Woburn, MA 01801, (800) 533-3535. 
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SYSTEMS 
Intel & BOARDS 
SYSTEM 310, 330, 380 


: ro OO | 
«Options, upgrades, spares , parts, repairs in stock 


SERIES Il, lll, IV, MDS-800 
PDS-IX from $299 


*ALL Options and Upgrades & Parts available 


ICE 49A, 51, 80, 85B, 86A 
88A, 286 from $349 


SBC and SBX_ boards 
from $49 


MULTI BUS™ products from: 


Zendex, NSC, AMD, DTC, Callan, Interphase, «+ « 


a 


ICCON™ MOTHER BOARD/ 
DAUGHTER BOARD INTERCONNECTS 


New power distribution system allows reliable and 

consistent performance while providing quick board 

connect and disconnect. 

e Less than 6 mV drop at 75 amp rating 

¢ 90° or 180° mounting configurations 

¢ 10-pin DIP mounting in single or bussed 
configurations 

e Low profile, minimum board space 

e Compliant pin or wave solder styles 


Call (415) 490-4200 or write: 
Elcon Products International Co. 


1 ve it $975, no electrical engineer 
fo can afford to be without this end-to-end 
circuit design, simulation and PCB layout tool. 

You can pay up to 15 times more and still not get all 
the features offered by EE Designer—Schematic 
Capture. ..Circuit Simulation. ..PCB Layout. 

30 day money back guarantee. Full purchase price 
refunded if not completely satisfied. 


: a5) , Call 1-800-225-5669 Sas s2=se5 
Sac oas 634 N. 8th Street — spy eg today toorde your os se 
Fremont, CA 94538 ELCON ( D V San Jose, Ca. 95112 hetirrshatio 2 nackaoe ee v SSLUMEOD 
TWX 910-381-7026 PRODUCTS INTERNATIONAL COMPANY 408-993-9011 FAKSORT IDO: welcome. Sunnyvale, CA 94089 
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6800/6809 
Micro Modules 
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AFFORDABLE 
ENGINEERING 


introduce 
new products 
and literature 


¢ 
Build — 
awareness In 
the marketplace 


PDP — Plotter Driver Program 


palate Ceilek $ 72 95 


XFER — Transfer Function Synthesis 
Transfer functions / 
Electronic circuits $ 72.95 


TEKCALC — Scientific Calculator 
Program 
Screen graphics/ 


popes «6 DS 


COMCALC — Communications 
Design Spreadsheet 


puget ccc 902.95 


RIGHTWRITER — Report 
Proofreader Program 


rmonuccteain 97.95 


AC Network Analysis 


DCNAP — 
DC Network Analysis 


SPP — 
Signal Processing Program $72. 95 


PLOTPRO — 
Scientific Graph Printing $72.95 


PCPLOT — 
High Resolution Graphics $72. 95 


LOCIPRO — 
Root Locus Analysis 872.95 


ACTFIL — 
Active Filter Design 


4 
Supplement 
your advertising 
campaign 
4 


972.95 


STAP— 
Static Thermal! Analysis $72.95 


__ for sensors, ‘transducers. analog 5 
aap aR $79.95 solenoids, relays, lamps, pumps, motors, 
keyboards, displays, IEEE-488, serial /O, 
floppy disks. 


‘ : Wintek Corp, 
BY Engineering =. (@o| -_ 1804 South Steet 
Professional Software (714) 781-0252 Lafayette; IN'47904 


2200 Business Way, Suite 207, Riverside, CA 92501 USA Boose abe 


EDN Product Mart 
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Schematic Capture 
Software $100 


The Schematic Capture Software from AMS is 


the first integrated software package which YSI Data Conbhee’ 


runs on IBM PC and PC Compatible Com- 
puter(s) and is priced at only $100 ...a unique multi-sensor data 
Powerful Editor allows copy, add, delete & move acquisition and control system 


A through D size drawing capability The YSI 4500 Data Grabber conditions, 
Three level(s) of zoom capability digitizes, linearizes, displays and transmits 
Uses keyboard expandable to mouse signals and alarm conditions from up to 128 
Over 1000 library parts sensors—temperature, pressure, flow or what- 
gfe User can add new library parts ever. Use it as a stand-alone system with de- 
ah \j pean ave tachable keyboard or interfaced with 
n or matena 1 
allow an and reliable prototype of VSLI in LCC and PGA feagesa on Supports IBM, EPSON, TOSHIBA, OKIDATA Se ane: pee ened Cs oS 
standard and high density wirewrap panels. Test assist devices route PRINTER H.P. & Houston Instrument OF Oe Wey ee re Per 
VLSI pins to ribbon cable headers to facilitate probing. Device sizes - Plotter Ser Prva? ammable, multi-sensor data argh 
68 to 149 pins. Processors supported include Intel 80186 family, 68000, PED check will be available soon sition and control at an economical price. 
68020, 80386, 32132, and signal processing IC’s. Constructed with gold 
machined pins. Ribbon cable adaptors for 40 and 64 pin DIP’s. Fast turn- DEMO DISK S 10 from Yellow Springs 
around on customs. Customs done on test assist or prototype adaptors [mm asl 2780 S.W. |4th Street 
to any type of wirewrap board. Pompano Beach, FL 33069 
IRONWOOD Industrial Division 1 
PO Box 21-151 ST. PAUL, MN 55121 800-9PC-FREE 305-975-9515 Yellow Springs Instrument Co., Inc. 
(612) 431-7025 Yellow Springs, Ohio 45387 USA « Phone 513 767-7241 
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Interface PC board attached to Big-Little™ DPM. 


EDN’s Career Opportunities 
section keeps you informed 
of current job openings 
from coast-to-coast 


WESCON Booth #2449-51 
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Math 


The Engineer's Scratchpad 


MathSoft Inc. 
One Kendall Square 
Cambridge, Massachusetts 02139 
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App note discusses 
FFT for S/N ratio 


Fast Fourier Transform Speeds Sig- 
nal-To-Noise Analysis For A/D 
Converters presents a technique for 
determining the S/N ratio of A/D 
converters. The 4-pg application 
note explains how you can use the 
FFT method to calculate the S/N 
ratio directly from the A/D-convert- 
er outputs; you need a computer, a 
high-speed RAM buffer, and FFT 
software. It also discusses how 
FFTs reduce calculation times, ex- 
plains the significance of FFT leak- 
age and window functions, and in- 
cludes data on actual test setups. 
ILC Data Device Corp, 105 Wil- 
bur Pl, Bohemia, NY 11716. 
Circle No 464 


Short-form catalog features 
power-supply circuits 
This short-form catalog (LIC400A) 
describes the manufacturer’s power- 
supply and motor-control circuits 
and provides key characteristics and 
block diagrams for each device. The 
brochure features such parts as the 
UC3825, a pulse width modulator 
that can operate at frequencies to 
1.5 MHz and drive MOSFETs di- 
rectly with its high-current (1.5A 
peak) dual totem-pole outputs, and 
the UC3620 and the UC3622, 
switch-mode drivers for 3-phase 
brushless de motors. 

Unitrode, 7 Continental Blvd, 
Merrimack, NH 03054. 
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All about op amps 


This 120-pg handbook includes a 
compilation of application notes that 
may be helpful when you're design- 
ing operational amplifiers. Some of 
the notes discuss general tech- 
niques, such as current limiting, 
stability concerns, and safe proto- 
type practices; others emphasize 
specific application circuits. In addi- 
tion, the book contains data sheets 
for power op amps, including high- 
current models that feature outputs 
to 380A and high-voltage models that 
operate from total supply voltages 
to 300V. 

Apex Microtechnology Corp, 
5980 N Shannon Rd, Tucson, AZ 
85741. 
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App note covers 
fiber-optic product testing 


Testing the IBM Fiber Optic Sys- 
tems Using a Fotec Test Kit is a 4-pg 
application note that covers testing 
and troubleshooting fiber-optic sys- 
tems using the company’s 3044 
channel extender and 8219 token- 
ring LAN repeater. The bulletin 
covers step-by-step procedures for 
testing all system components as 
well as troubleshooting installed 
systems. It also discusses the possi- 
bilities of using network systems on 
fiber-optic networks that differ from 
IBM’s specifications. Four figures 
supplement the text. Further, the 
application note lists other refer- 
ence aids on fiber-optic testing 
available from the manufacturer. 
Fotec Inc, Box 246, Boston, MA 
02129. 
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High Speed, 


The 1SO100 Isolation Amplifier gives 
you fast, wide bandwidth isolation 
in a small package. It's optically 
isolated to 750V continuous, 2500V 
peak, with low 0.3uA leakage (at 
240V/60Hz), ideal for ground- 
breaking and industrial applications. 


ISO100's 60KHz small signal 
bandwidth also lets you capture 
signals from higher frequency 
transducers with just one 
component, lowering your isolated 
Signal conditioning costs for a 
broad range of applications. 


Complete Line of Isolation Products 


Need higher isolation? |solated 
power, too? Ask for our new 
brochure describing Burr-Brown’s 
complete line of optical- and 
transformer-isolated amplifiers and 
power supplies. Includes all key 
performance specifications, package 
outlines and pinouts, prices, and 
useful application tips and diagrams. 
Ask your Burr-Brown sales 
representative or contact 
Burr-Brown, P.O. Box 11400, Tucson, 
AZ 85734. 602/746-1111. 


CIRCLE NO 316 


BURR -BROWN® 


Improving Analog Productivity 


ITS WHAT WE ADD 
THAT MAKES US * 1. 


Basically, PERMAG’s got the largest, most 
comprehensive selection of permanent 
magnets anywhere in the world: magnets in 
all grades, shapes and sizes, from the finest 
mills-Hitachi, Indiana General, Crucible, Ar- 
nold, 3M and General Motors. But if we'd 
stopped at the basics we never would've 
become the best known name in magnetic 
materials. In addition to selection we supply 
the most sophisticated fabrication 
Capabilities for honing, slicing, dicing cut- 
ting, punching, drilling, assembling, grind- 
ing, magnetizing and demagnetizing. Free 
assistance and advice with any question 
and problem. And same-day delivery in 
most cases. At PERMAG, we make sure 
you re not just supplied, but satisfied. 


PERMAG 


A SUBSIDIARY OF THE DEXTER CORPORATION 


For our new catalog or to see a salesman, 
mail the coupon. 


PERMAG CORP. 


1050 Morse Ave., Elk Grove Village, IL 6000 


L] Please send me your new 
Permanent Magnets Catalog No. 5 

L] Have salesman call 

NAME 


COMPANY 

ADDRESS 

CITY 

STATE ZIP 


PHONE 
| EDN 111386 
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All about thermometers 


The ABC’s of Thermometers, a 
16-pg brochure, explains the theory 
behind Pnereieters: focusing on 
how thermocouples work, how you 
can use them, and how to reduce 
temperature-measurement error. It 
also contains a section on refrigera- 
tor work and the types of tempera- 
ture measurements that can pin- 
point potential trouble spots. A 
glossary and a thermocouple selec- 
tion guide aids in choosing the right 
tool for a particular application. In 
addition, the brochure lists the com- 
pany’s temperature-measurement 
products, including digital ther- 
mometers, a thermocouple adapter 
for digital multimeters (DMMs), and 
a semiconductor probe for use with 
DMMs. 
John Fluke Mfg Co, Box C9090, 
Everett, WA 98206. 
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Catalog of software 


Catalog No 30 is a 196-pg roundup 
of computer software. The software 
descriptions list the major features 
of each program, the prices, and 
which computers they run on. Most 
of the material the catalog presents 
isn’t available in computer and book 
stores; 90% of the software listed is 
published only by the vendor. In 


more ‘pionmation, — pine the name of 
your nearest ECM-85 approved ees 
Direct inquiries to: 


Steve Hayden or Arlene Bennett 
Cincinnati Milacron Marketing Gompany 
PO. Box 246 

Blanchester, OH 45107 


1-800-221-7084 


(In Ohio, call 513-783-2464) 


CINCINNATI 
MILACRON 


CIRCLE NO 163 


Standing u 


Hoffman enclosures 


We don’t have to tell you about the 
daily grind your enclosures must endure. 
Where corrosion, grease, oil, salt spray 
and miscellaneous hard knocks are always 
ready to eat your sensitive controls and 
circuits alive. You just cant afford to 
entrust their integrity to lesser enclosures 
than Hoffman. 

For one, Hoffman metallic enclosures 
have been guarding circuits in thousands 
of “daily grinds” for more than 40 years. 


We're constantly upgrading their design 
to keep pace with industry advances. 
We’ve been on the leading edge of produc- 
tion technology — in forming, welding, 
grinding and finishing — to make 
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to the daily 


the in 


Hoffman Engineering Company 
900 Ehlen Drive Anoka, Minnesota 55303 
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ind makes 


standard. 


Hoffman enclosures the finest we can 
make them. 

We offer more than 2,000 metallic 
enclosures from stock in a wide variety 
of JIC and NEMA types as well as UL, 
CSA and IEC ratings. You'll find com- 
plete specs and product descriptions in 
our newly updated Specifier’s Guide. For 
your free copy, 
write us, on 
your company 
letterhead, and 
send to the 
address and 
department 
listed below. 


Your informed source. 


Phone: (612) 421-2240 Dept. EDN-8618 
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A THERMOSTAT 
ANY WAY IS A THERMOSTAT... 


YOU NEED IT! YOU’RE RIGHT! 


It’s how you use it that makes it 
special. 


At Canadian Thermostats, we 
know that thermostats should be 
designed around your needs, you 
shouldn’t have to design your 
needs around a thermostat. 


We can offer you Microtherm’s 
high quality, customized thermal 


protectors for all your requirements. 
A wide range of options for just 
about every type of application that 
requires thermal protection, current 
limiting, etc. 


For more information, contact: 


CANADIAN THERMOSTAT & 
CONTROL DEVICES 

8415 MOUNTAIN SIGHTS AVENUE 
MONTREAL, QUEBEC H4P 2B8 


TEL: (514) 739-3274 
TLX: 05-825619 
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Micro/sys: the last 
word in STD BUS products. 


The Micro/sys STD BUS product line ¢AtrulyROM/able = * Links to 


includes all of the functions required C Compiler for the IBM-PC 
to implement your instrumentation, each CPU card ¢ Prototyping 
control, data acquisition and *PCDOS and CP/M Packages 
handling systems. ¢ Turnkey Systems 

Choose from one of the broadest Call or write for your FREE copy 
lines of STD-8088 and STD-Z80 of the Micro/sys STD BUS Product 
products: Selection Guide. It's the best starting 
° Processors © Disks point for your next design. 
¢ Memories ¢ Communications 
¢ Digital I/O ¢ Analog I/O » 
¢ Slave * CRT video 

Processors * CMOS Versions MICRO/SYS 
* DMA, Interrupt 1011 Grand Central Avenue 

And, just as important, develop- Glendale, CA 91201-3010 

ment support we're famous for: (818) 244-4600 * TLX170788 


CP/M trademark of Digital Research IBM-PC trademark of International Business Machines Corp. 
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addition to typical software pack- 
ages, it presents public-domain soft- 
ware and 160 titles for the Macin- 
tosh. Request in writing. 
Dynacomp Ine, Catalog Dept, 
Box 18129, Rochester, NY 14618. 
INQUIRE DIRECT 


App note examines 
ESD circuit sensitivity 


Testing Equipment and Circuits for 
ESD Sensitivity is an application 
note that examines the characteris- 
tics of human electrostatic discharge 
and compares these characteristics 
with those obtained by testing in 
accordance with such standards as 
IEC Pub 801-2. It discusses mea- 
surement techniques, methods of 
testing that use new circuits to more 
closely represent human ESD, and 
simulations of electrical and me- 
chanical fields produced by ESD. It 
covers other factors often over- 
looked in ESD testing, such as the 
actual ESD path and the use of 
ground planes. 

KeyTek Instrument Corp, 12 
Cambridge St, Burlington, MA 
01803. 
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Directory provides list 
of gate arrays, standard cells 


A 505-pg directory, Gate Array and 
Standard Cell Directory—1986/7 
ASIC Update, contains three sec- 
tions. The custom-vendor interface 
section provides a step-by-step ap- 
proach for dealing with vendors to 
minimize typical first-time problems 
as well as how to cope with second 
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Without the right connections, 
you could pay a lot to 
deliver a little raster data. 


There's no question that a raster pro- 
cessor is a wise investment. Without it, your 
computer is loaded down processing raster data 
for your hard copy devices. But unless you’re 
careful, you could pay a fortune for a processor 
with more capacity than your plots demand. 

That’s why we designed our VP-10. For 
all but the densest plots, it’s got all the pro- 
cessing power your hard copy devices need 
— at less than half the price of most high- 
volume processors. 

The VP-10 will dramatically speed your 
plotting. Its pipelined architecture allows it to 
simultaneously receive input from your com- 
puter while it outputs data to the plotter. So 
communications between computer, terminal 
and plotter are lightning fast. 

It’s also versatile. Most popular hard 
copy devices are supported, including Ben- 
son, Calcomp and Versatec plotters, as well 
as the Seiko D-Scan thermal plotter, Matrix 
QCR camera and Minolta SP 50-B laser page 
printer. A variety of input options (such as 
HPGL, Calcomp 906/907 and KMW.PLT) 
provide for easy connection to the host. 

Best of all, the VP-10 has KMW’s un- 
matched reputation behind it. We built the 
very first graphic element processor 10 years 

ago. And we’ve been innovating 
: graphic processing solutions 
ever since. 
So why pay for more 
raster processor than you 
need? Call KMW today at 
1-800/531-5167 (in Texas, 
512/836-8080) or write 
KMW Systems 
y Corporation, 8307 
| Highway 71 West, Austin, 
‘Texas 78735. 


KMW 
SYSTEMS 
CORPORATION 


For the nght connections 


Auscom is now a division of KMW Systems Corporation. 


Registered trademarks: Benson— Benson, Inc.; Calcomp — California Com- 
puter Products, Inc.; Versatec — Versatec, Inc.; Matrix QCR— Matrix Corp.; 
Minolta SP 50-B — Minolta Corp.; Seiko D-Scan — Seiko Instruments U.S.A. 
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A 


Power Your 
Communications. 
Communicate Your Power. 
With TDK Ferrite Cores. 


As telecom technology switches to digital, and 


power supplies switch to 


switchers, quality and fea- 


tures of ferrite cores take on added importance while 


generating new reasons 
leaders, TDK. 


to talk to the undisputed 


Next time you're in our neighborhood, come and 
take a look at the world’s largest production of ferrite 
materials. TDK manufactures ferrite cores from the 


raw materials on up, with 
tion systems. 50 years of 


totally automated produc- 
experience and a continu- 


ous R & D program are reflected in unique features 
and unsurpassed quality levels. 


For telecom and 
power supply appli- 
cations, TDK ferrite 
cores include: 


@ High permeability 
types such as our H5E 


@ Low loss types with 
significantly reduced 
loss factors up into the 
MHz range; 


e@ Extremely low power 
loss and reduced tem- 
perature surge types 
(H7C4); 


@ TDK original cores, 
EEC, EP, LP and PQ 
as well as IEC standard 
core shapes including 
EEC, POT, RM, etc. 


TDK. 


Li vs. Frequency Characteristics 


Initial Permeability (Zi) 


2 5 10? 2 
Freq. (kHz) 


tand/Li vs. Frequency Characteristics 


| | | orm fl 
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Pr 
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Relative Loss Factor (tand/[Li) 
Nh 


Freq. (kHz) 


Power Loss vs. Temp. 


Power Loss (mW/cm’) 


TDK CORPORATION OF AMERICA HEAD OFFICE 4711 West Golf Road, 
Skokie, IL 60076, U.S.A. Phone: (312) 679-8200 


TDK CORPORATION Tokyo, Japan. 
MH&W INTERNATIONAL CORP. 14 
07430 U.S.A. Phone: (201) 891-8800 


Leighton Place, Mahwah, New Jersey 


MH&W INTERNATIONAL (CANADA) LTD. Phone: (416) 676-9401 
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sources. The vendor/technology sec- 
tion is organized according to par- 
ticular vendor technologies and cov- 
ers both front- and back-end cost 
elements, minimum volume require- 
ments, and delivery schedules. And, 
the semicustom-vendor-profiles sec- 
tion features 94 companies that offer 
gate-array and standard-cell de- 
sign, prototyping, and production 
services. It covers leadtimes, devel- 
opment costs, pricing, and CAD ¢a- 
pability. $295. 

Electronic Trend Publications, 
12930 Saratoga Ave, Suite D1, Sara- 
toga, CA 95070. 

INQUIRE DIRECT 


Brochure features 
analog, digital I/O boards 


This brochure presents VME Bus 
and Multibus I/O boards suited to 
harsh factory environments. De- 
signed to assist systems engineers 
who are considering open-bus archi- 
tectures for factory automation or 
industrial measurement and con- 
trol, the booklet offers methods of 
interfacing analog and digital I/O 
signals to the bus and outlines the 
boards’ features, including Ac- 
cumux isolation technology, on- 
board signal conditioning, and on- 
board intelligence with 14-bit 
resolution. | 
Analogic Corp, Industrial Tech- 
nology Group, 14 Electronics Ave, 
Danvers, MA 01923. 
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This EL Shopping Guide comes to you 


How 10 put a whole new light ON] courtesy of Endicott Research Group, 


your next product design. 


Wafer-thin, energy-efficient electrolumines- 
cent lamps, made in a variety of shapes and 
colors, have opened the doors on virtually 
limitless design options for automotive, archi- 
tectural, aviation instrumentation, marine, 
safety, and novelty products. They’re used 
both for primary and secondary light sources, 
and for signaling and decorating in a host of 


consumer, industrial and military applications. 


Throw a whole new light on your product 
design with EL — electroluminescence. 


EL backlighting enhances the aesthetics of 
touch-activated switches and keyboards. 
Creates better legibility in low ambient light 
conditions, too. Choose the “membrane” 
switch format which suits your design: flat, 
bubble top or keytop. 


50-44 
25 ee 
Ole 


Inc., innovators of commercially feasible 
Smart Force™ power for electrolumi- 
nescent lighting. 


Against EL backlighting, LCD (transmissive or 
transflective) characters can be seen in low 
ambient light conditions. Particularly useful in 
instrument panel applications! LCD’s can be 
ganged against large scale EL panels for multi- 
ple alphanumeric information displays which 
offer design and economy advantages versus 
CRT and screened image information displays. 


T 


'— EL brightness powere 


d by 
“smart force” | 


 csonree ees sea 
| Typical EL brightness | 
al 


| | | 
| L \ | | i 
EB DBE ay Sees eke Leake Soe « pain Zone | 
hrs. x 100 
Luminescent Systems #20014-2 EL 
lamp (16 IN?) and ERG E613 - E0003 
inverter (VIN = 12V). 


| 
9 10 


Patent pending 


This DC-to-AC inverter overcomes the brightness 
loss characteristic of EL lamps. Because it auto- 
matically adapts its own voltage and frequency 
over the course of EL lamp life, this Smart Force 
DC-to-AC inverter delivers constant power output, 
maintaining essentially constant lamp brightness. 
We’ll be glad to help you determine the specs on 
your DC-to-AC inverter needs. Refer to our EL 
power “spec starter” sheet. CIRCLE NO 300 
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2601 Wayne Street, PO Box 269, Endicott, NY 13760 
607-754-9187 TWX510-252-0155 
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Bulletin board is dedicated 
to digital signal processing 


Dr Bub, an electronic bulletin board 
dedicated to digital signal pro- 
cessing, provides data on the com- 
pany’s line of processors. To access 
the system, you need a 1200-baud 
modem (Bell 212A or V.22) and a 
terminal or personal computer. The 
bulletin board offers documentation 
on new products and improvement 
of existing products, application 
notes, a confidential mail service, 
and a question-and-answer forum. 
Motorola, Literature Distribu- 
tion Ctr, Box 20924, Phoenix, AZ 
85036. 
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Application note on 
reflectance measurements 


This monograph, the first in a 
planned series of reviews on inte- 
grating-sphere applications, covers 
experimental design and measure- 
ment concepts involved in determin- 
ing total reflectance, diffuse reflec- 
tance, specular reflectance, and 
backscatter. The 4-pg brochure dis- 
cusses three designs for measuring 
reflectance: a single-beam spectral 
reflectometer; a single-beam, dual- 
position spectral reflectometer; and 
a double-beam spectral reflectome- 
ter. It also describes the advan- 
tages, disadvantages, and sources of 
error for each of the designs. 
Labsphere Inc, Box 70, North 
Sutton, NH 03260. 
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Applications for 
a power-MOSFET driver 


Application Note 28, entitled 
TSC429 Universal Power MOSFET 
Interface IC, describes the capabili- 
ties of this device and the possible 
uses for it. The 12-pg brochure lists 
parameters and gives advice for de- 
signing with it, including grounding 
techniques, decoupling, and layout 
considerations. It shows the part in 
several typical applications, such as 
a small motor controller, a voltage 
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THE FUTURE 32 BIT VMEbus CPUs ARE HERE NOW! 


EMS introduces their 32 bit VMEbus, Real Time CPU-4 Family based on the MC68020. We have designed not 
One, but Two Real Time, Multi-Processing Models with eighteen different configurations for each model. 


The CPUs operate at 12.5 MHz, 16.67 MHz or 20 MHz and feature zero wait states into 1 Mb of dual 
ported RAM. Any one of the different CPU-4s can be configured with 256 Kb, 1 Mb or 4 Mb of dual 
ported memory with the MC68881 FPCP as an option. With the built in Interrupt Mailbox and 


Windowing capability, multi-processing designs become easy. 
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doubler, a voltage inverter, and a 
high-power pulse — transformer 
driver. 
Teledyne Semiconductor, Box 
7267, Mountain View, CA 94039. 
Circle No 535 
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Using 14-bit DACs 

This 6-pg application note, 14-bit 
DACs Maintain High Performance 
Over Extended Temperature Range, 
covers two of the company’s devices 
—the AD7534 and AD7535. It 
shows how to obtain higher perfor- 
mance from D/A converters for in- 
strumentation and control applica- 
tions. Diagrams and text illustrate 


low-leakage configurations and op- 
eration at 200°C. Graphs depict 
leakage current vs temperature, the 
effects of Vgg on linearity, and line- 
arity vs time at 200°C. Life-testing 
and failure-analysis results are in- 
cluded. 

Analog Devices, Literature Cen- 
ter, 70 Shawmut Rd, Canton, MA 
02021. 
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Modular Components 


List of 
interconnection systems 


Using photographs and _ illustra- 
tions, the 26-pg Modular Compo- 
nents Catalog highlights a line of 
connectors, adapters, telephone ca- 
bles, data-switch boxes, baluns, and 


tools and accessories. It features a 
color code chart, specifications, and 
one page of adapter applications. 
Components Unlimited Inc, In- 
terconnect Div, 11200 SW Allen 
Blvd, Suite A, Beaverton, OR 
97005. 
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Summary of DSP peripheral 


The BR283 technical summary de- 
scribes the Hyperformance cascad- 
able adaptive finite-impulse-re- 
sponse (FIR) digital filter. It details 
the architecture of the DSP56200, a 
digital-signal-processor peripheral 
dedicated to digital filtering, and it 
describes the two main functions of 
the chip: FIR filtering and adaptive 
FIR filtering using the least-mean- 
square algorithm. An appendix on 
digital filtering completes the treat- 
ment. 

Motorola Inc, Literature Distri- 
bution Center, Box 20924, Phoenix, 
AZ 85036. 
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Count on IDI to get your designs into production faster... and keep you constantly 
supplied. We'll ship right off the shelf on most any LED. And for special designs, we'll 
customize faster than anyone else. Working closely with en- 
gineers is Our speciality. Delivery doesn’t have to be a pain in 


the neck. rite for our data book, or call direct. 


Industrial Devices, Inc., Edg 
Telephone: (201} 224-4700 
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SINCE YOU MUST 
COMPLY... 
FCC/VDE/UL CSA’ 


ELIMINATE RISK 


Check our ex- 
Clusive guaran- 
tee when your 
product faces 
Emissions, 
Safety or Tele- 
com spec hur- 
dies. Meet FCC 
Part 15/68, UL®, 
CSA®, TUV®, VDE or 
DOC Telecom specs with little risk or bother. 
Dash, Straus & Goodhue, Inc., is the East 
Coast’s largest research laboratory specializing 
in compliance, and the first New England lab to 
earn Canadian DOC certification. 


ELIMINATE 

STAFF 
OVER- 

LOAD 


Here is our 
unique guaran- 
teed rate/guaranteed 
date program: We quote a 
complete cost and a completion date for bring- 
ing your product into compliance . . . up front. 


ELIMINATE IMPEDIMENTS 
TO MARKET 


We handle 
design consul- 
tancy, test, retro- 
fit procedures 
and all 
paperwork. 

DS&G offers 
combined pro- 
grams for products 
that must comply 
with several standards. 


ELIMINATE CUSTOMER 
PROBLEMS 


We also de- 
liver custom- 
ized seminars 
in test tech- 
niques, legal 
procedures, 
and site design 
so that your 
company can 
handle testing 
and filings in house. 


= Compliance 1 

| Engineering FREE 

= 1987 Compliance 

= Engineering 1987 
available FREE 
The industry’s best 
guide to compliance, 
available January 1987 


Accredited by the National Bureau 
of Standards for Emissions and 
Telecommunications Testing 


RVLAD 


Dash| Straus Goodhue 


Dash, Straus & Goodhue, Inc. 
593 Massachusetts Avenue, Boxborough, MA 01719 
617-263-2662 


For information on Dash, Straus & Goodhue 
circle 175 
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AMERICAS BEST 
PROGRAMMERS 


Z-3000 HIGH VOLUME 
GANG/SET PROGRAMMER 
14,000 27256s programmed per day. 


32 EPROMs simultaneously with 1 to 8 
DATA BLOCKS. 


16 Intel or Motorola MCUs at a time. 
64K to 256K bytes of DATA RAM. 
Simple one key programming operation. 


Two RS-232 ports with data transfer formats 
included. 


Z-2500B IN-CIRCUIT 
MEMORY CARD PROGRAMMER 


Programs up to 32 memory cards with 
EPROMs or microcomputers at a time. 


Two 1.2 Mbyte DSDD floppy disk drives. 
Optional 20 Mbyte hard disk. 


Turnkey systems include programmer, ter- 
minal, custom interface hardware and soft- 
ware. 


Simple menu driven operation. 


Z-1000B UNIVERSAL 
PROGRAMMER 


Over 600 PLDs, EPROMs, EEPROMs, bi- 
polar PROMs and INTEL MCUs. 


Upgradeable PROM based software. 
Stand alone or PC/XT/AT operation. 
Two independent RS-232 ports. 

64K or 256K bytes of DATA RAM. 
EXATRON handler interface is standard. 


Z-1200B TWELVE SOCKET 
GANG/SET PROGRAMMER 
2716-27512, 1 to 4 DATA BLOCKS. 
64K to 256K bytes of DATA RAM. 
Software personality. No plug-ins. 


ZAP SERIES low cost programmers for 
EPROMs and single-chip MCUs. 


Z-400 for bipolar PROMs and EPROMs. 


SUNRISE ELECTRONICS, INC. 
524 South Vermont Avenue 
Glendora, California 91740 

(818) 914-1926 
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THE WORLD'S ONLY LCD DPM WITH 
SUPER-BRITE LED BACKLIGHTING. 


A cost-saving breakthrough! By using 
LED’s...with 100K hours of life... for 
backlighting, Modutec’s new LCD Big- 
Little DPM’s now provide high visibility in 
daylight, nightlight, any light. You have a 
choice of red or green economical back- 
lighting plus plug-in compatibility with 
Modutec standard LCD Big-Little DPMs. 
Backlighting power is 5, 12, 24 VDC or 115 
VAC. Displays are — 20°C to + 65°C oper- 
ating and storage with 3 digits, 4%” high, 
full scale of 1999. Actual size: 2.36" L. x 
95” H. x .51” D. Enjoy the benefits of low 
power consumption with Modutecs LCD 
DPM featuring an LED look. 


Additional features: 

* +200 mV or +2V input * 3 power 
options: 9V battery, + 5VDC or +5VDC 
2% Window or bezel mount 

* Accuracy: +(0.1% + | count) 


For a day/night demonstration, contact your 
local Modutec sales representative, distributor 
or MOD Center, nationwide. 


MODUTEC, INCORPORATED 
PO. BOX 778. 18 MARSHALL ST., 
NORWALK, CT 06856—203/853-3636; 


1-800/METERS-1 TWX 710-468-2039 
WESCON Booth #2449-51 
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Now you can have a good-looking VF display at 
an affordable price with IEE’s new line of ‘‘NO- 
FRILLS” FLIP™ vacuum fluorescent display 
modules. 


These compact, economical displays share many 
of the most convenient features of the standard IEE 
FLIP display line, but at a much lower cost. The 
1x20 model shown above is priced at only $64 
each in quantities of 100. Production-quantity 
pricing is even lower. 


“NO-FRILLS” FLIPs are ideal for high-volume OEM 
applications such as copiers, point-of-sale terminals, 
pay telephones, and security systems. 


440 Circle NO. 2, IMMEDIATE APPLICATION 


TEE’ s COMPACT &x2e 


3601-85-040 


3601-82-020 
ACTUAL SIZE 


And, just look at all of the features: 


e Bright, easy-to-read 5x7 dot matrix characters 


e On-board microprocessor that accepts parallel 
ASCIl data 


¢ Operation from a single +5VDC power supply 


Several formats are available including 1 x20, 
1x 32, 1x40, and 2 x 20; others are coming soon. 
So, if you want a low-cost, high-quality front-panel 
performer, just call IEE and ask the $64 question. 


" FLIP X® POPULAR Ix4Q FORMAT 


3601-84-040 


INDUSTRIAL ELECTRONIC ENGINEERS, /NC. 

- Industrial Products Division 

7740 Lemona Ave., Van Nuys, CA 91409-9234 

- Tel: (818) 787-0317, Ext 478 © Telex: 4720693 IEE IPD 
FAX (878) 902-3723 (G2/G3) 
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Using Concurrent PC DOS, by 
Mark Dahmke. 144 pgs; $18.95; 
Byte Books/McGraw-Hill Book Co, 
New York, NY, 1986. 

Besides presenting full coverage 
of the basics and benefits of concur- 
rent processing and an explanation 
of how you can run four programs at 
one time, this guide focuses on the 
five application programs of Con- 
current PC DOS and how you can 
put them to work in everyday com- 
puting. The author introduces the 
concepts of windows and concurren- 
cy and shows various strategies you 
can take to maximize productivity 
when using a personal computer. 

He explains the uses of the file 
manager, the card file, the word 
processor (DR Edix), the print man- 
ager, and the communications rou- 
tine (DR Talk). Other topics include 
multiple programs per machine or 
per user, multiple users per ma- 
chine, diskettes and fixed disks, cre- 
ating and modifying menus, and 
customizing a personal computer. 
The appendixes give a summary of 
features and extensions, as well as a 
command reference. 


Strategies for Electronics Test, by 
Craig Pynn. 224 pgs; $19.95; Mc- 
Graw-Hill Book Co, New York, NY, 
1986. 

This book is a manufacturer’s and 
contractor’s guide to planning, im- 
plementing, and evaluating elec- 
tronics test alternatives. The first 
section of the book explains what 
variables affect electronic produc- 
tion and test; how to achieve mini- 
mum defects; how to achieve test 
efficiency; the impact of yield, rate, 
and mix; how to develop a test strat- 
egy for commercial, military, and 
aerospace environments; and how to 
evaluate the economic impact of 
various test strategies. 

In part two, the author describes 
the strengths and limitations of test 
alternatives. He analyzes the vari- 
ous approaches to inspection, and 
functional and environmental stress 
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testing from historical, practical, 
and economic perspectives. A final 
section focuses on the advantages 
and limitations of process control 
and information networking. It 
briefly discusses changes in test 
technology and component and 
packaging technologies that will im- 
pact the future of electronics prod- 
ucts and tests. 


What Every Engineer Should 
Know About Engineering Work- 
stations, by Justin E Harlow III. 
168 pgs; $24.75; Marcel Dekker Inc, 
New York, NY, 1986. 

This book clarifies the role of new 
design tools for the engineer and 
technical manager in all fields. The 
author discusses the technical issues 
and the organizational and financial 
considerations vital to a company’s 
adoption of an engineering worksta- 
tion. The author presents a general 
review of the types of hardware and 
software used in engineering work- 
stations and how they differ from 
traditional CAD/CAE systems. He 
discusses the workstation applica- 
tions, as well as some of the tech- 
niques used to justify the purchase 
of the equipment. 


The Locus Distributed System Ar- 
chitecture, by Dr Gerald Popek and 
Dr Bruce Walker. 147 pgs; $25; MIT 
Press, Cambridge, MA, 1986. 

In this publication, the authors 
describe key concepts of the archi- 
tecture of a distributed Unix opera- 
ting system and include a case study 
of what’s required to support each 
function. They discuss distributed 
computing concepts and give a pre- 
sentation of the Locus distributed 
system architecture and an example 
of how distributed processing is exe- 
cuted. Also described are the facili- 
ties in the Locus architecture that 
permit transparent interconnection 
of heterogeneous computers and the 
management tools that are provided 
with a basic distributed operating 
system. The book includes illustra- 


Tel: (215) 265 7462. 
Fax: (215) 265 1982. 


Our advanced 
technology offers 
HV power supplies 
for all applications. 


Even the most demanding high 
voltage power supply applications 
are easily accommodated by 
Hunting Hivolt. 


: Seed from our series 2000 - 


al boratory or general purpose 
_ supply, youmay equally benefit _ 
__ from our leading edge technology. — 

_ View ourranges of specialandgen- - 
- eralpurpose supplies and modules. 


Full datais readily available from 
our office. Call today! You'll find we 


_ deliver in more ways than one. 


HUNTING 


4 HIVOLT 
YOUR POWERFUL PARTNER, 


Hunting Hivolt, 
1008 West Ninth Avenue, 
King of Prussia, 
PA 19406, USA. 


51049 
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e Prototype to Production. 
CRT SOCKETS 


¢ For high resolution CRT’s used in Aeronautics, 
CAD/CAM, Sonar, Radar, Medical and Measure- 
ment instruments and Information Displays. 
e Mate with most JEDEC base configurations. 
¢ Tube neck retaining clamp available on 
most sockets. * PC, solder tab and wire lead 
connections. * With or without Spark Gaps. 
e Resistors, chokes and capacitors can be fac- 
tory incorporated into the wire leads. 


SOCKETS 

e Tube/Relay: 4, 5, 7, 8, 9,10, 11,12, 14, 16, 20, 22 
and other pin configurations. PC, solder tab and 
chassis mount. Molded and laminated construc- 
tions. Metal or molded saddle, top or bottom 
mount. ¢ Transistor: TO3, 5, 9, 11, 12, 18, 33, 39, 
40, 46, 52, 60, 66, 72, 104 and others. © Crystal: 
For .486” centers (HC6/U, MIL-S-12883/4), 
.273", 192" (HC25) centers and others. 


RF & AGDIO CONNECTORS 


¢ Sockets, plugs and cable assemblies. ® Verti- 
cal and right angle. @ PC, chassis or free stand- 
ing mounting options. ¢ VHF & UHF. 


BATTERY CONNECTORS, 
SOCKETS AND PLUGS 


¢ Commercial and Military grades. * Molded 
and laminated constructions. 


PLUGS 


¢ Commercial and Military grades. ¢ Mate with 
many of our sockets. © Molded and laminated 
constructions. ® Boots. 


OTHER INTERCONNECTING 
DEVICES 


e Wyrlok terminal block connectors. * Molded 
and laminated connectors. ¢ Laminated recep- 
tacles. ¢ Fuse holders. 


STANDARD, CUSTOMIZED AND 
NEW DESIGNS 
ZERO DEFECTS QUALITY 
For samples and quotes, call our 
engineers at 312/539-3108 or 
TWX 910-221-6059 


Industrial ¢ Military © Commercial 


. 


Connectors, Sockets and Plugs 
to your requirements. 
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Manufacturer of Innovative, Quality American Made Connectors 
6025 N. Keystone Avenue ® Chicago, IL 60646-5290 
Phone 312/539-3108 « TWX 910-221-6059 
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tions, a listing of system calls, and a 
description of the Locus internal 
network messages. 


Designing Electronic Circuits, by 
Robert G Middleton. 351 _ pgs; 
$29.95; Prentice-Hall Inc, Engle- 
wood, NJ, 1986. 

This reference book provides con- 
venient access to the basic design 
procedures, tables, and formulas 
needed by circuit designers. The 
book offers 190 illustrations that 
cover all phases of basic amplifier 
arrangements, filter design, stabi- 
lizing circuitry, wideband amplifi- 
ers, automatic gain control, and 
MOS/FET amplifiers. Also included 
are low-noise design factors, exam- 
ples of chained graphical analyses, 
and diagnostic charts that summa- 
rize key factors in IC design. Three 
appendixes cover the international 
system of units, multiple and sub- 
multiple prefixes and classes of 
numbers, and typical program con- 
versions. 


How to Write and Publish Engi- 
neering Papers and Reports, 2nd 
ed by Herbert B Michaelson. 190 
pgs; $14.95; ISI Press, Philadelphia, 
PA, 1986. 

This book shows you how to pub- 


- lish your technical achievements by 


explaining how to get information 
declassified, how to delete sensitive 
data from material to be published, 
and how to publish specific data 
without divulging the motivations 
for the engineering work. Updated 
information appears in two new 
chapters: One describes the benefits 
of working with a PC and the other 
teaches students how to write a 
thesis. 


Programming with Turbo Pascal, 
by David W Carroll. 310 pgs; 
$34.95; Micro Text/McGraw-Hill Co- 
publication, New York, NY, 1986. 
This book and disk package cov- 
ers the primary concepts and con- 


New Hot Hybrids from White. 


When you need Hybrids that can 
take the heat, give us a call. We 
have devices for almost every 
design and design environment. 
And, they’re available in Military or 
High-Temp versions, in ceramic, 
hermetic metal DIPs or flatpacks, 
and in single quantities or thou- 
sands. Same great performance, 
realistic pricing, and on-time 
delivery. 


Here are just a few! 


@ 8kx8, 16kx8, and 64kx8 
STATIC RAMS 
Burned-in and fully tested at 
200°C, 150nSec access time, 
SmA operating current. 


@ 2kx8, 8kx8, 32kx8, and 64kx8 
PROGRAMMABLE CMOS 
EEPROMS 
Three-State output, reprogram- 
mable up to 180°C, and can be 
read at temps thru 200°C. 
Internal temp compensation, 
250nSec access time @ 200°C. 


e 16-BIT MICROCOMPUTER 
SYSTEM 
Complete, stand alone 8088- 
based system in a 40-pin pack- 
age. Low power, onboard crystal 
oscillator, 16 Kbytes of both 
CMOS EEPROM and CMOS 
RAM, and a serial communica- 
tions port. PC written software 
easily debugged and down- 
loaded. Expandable to 1 Mbyte. 


Call now, or write for details. 
Remember, we speak fluent hybrid! 


W White Technology, inc. 


4246 E. Wood Street « Phoenix, Arizona 85040 
(602) 437-1520 - TWX 910-951-4203 
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A FULL DECK OF STATICS 


I's no secret Hyundai makes a quality product that 
passes along substantial user savings. And 

now — a full line of SRAMs offering you a 

variety of speeds from 25ns to 150ns — plus 

the opportunity to reduce system costs. 


Volume produced in state-of-the-art CMOS 
technology with standard DIP packaging, _ 
Hyundai's static RAMs willface upto 
meet all your system needs fromfast 
access times to low power operation. __ 


At Hyundai, we believe in helping 
you design a winning hand with 
high performance alternative 
that help take the bite 
of your budget. 


cessTime(ns)| Packaging | 
400,120,150 | 24pinDIP (600) __ 
_ 25,35,45,55,70 | 24-pin DIP (300/600) 


AM | | 46Kx4| 25,35,45,55,70 | 20-pin DIP (300) 
AM | 25,35,45,55,70 | 20-pin DIP (300) 
AM | HY61C69 | 4Kkx4 |  25,35,45,55,70 | 22-pin DIP (300) 


HYUNDAI 
SEMICONDUCTOR 


FORNIA (408) 986-9800 ILLINOIS (312) 860-6406 MASSACHUSETTS (617) 239-8015 * REPRESENTATIVES: ALABAMA/GEORGIA/CAROLINAS/TENNESSEE, CSR 
ARIZO nford Sales (602) 957-3570 CALIFORNIA, Straube Associates (415) 969-6060; Wiley Co. (213) 666-1611 COLORADO/UTAH, Elcom, Inc. 
MASSACHUSETIS, Gerald Rosen Co. (617) 481-9277 FLORIDA, EIR, Inc. (305) 660-9600 N. ILLINOIS/S. WISCONSIN, Heartland Technical Marketing 
TUCKY/MICHIGAN/OHIO/W. PENNSYLVANIA, Giesting & Associates (513) 385-1105 IOWA, J.R. Sales Engineering (319) 393-2232 KANSAS/S. ILLINOIS/ 

schni Sales (913) 782-8702 MARYLAND, Walker-Houck Associates (301) 356-9500 MINNESOTA/DAKOTAS/N. WISCONSIN, P.S.1. (612) 944-8545 NEW 
ps. 516) 482-1790; Labironics, Inc. (315) 455-7314 £. PENNSYLVANIA, Denco Electronic Components (215) 630-8990 WASHINGTON/OREGON, Quest 
oo Gidden-Morton Associates, Inc. (416) 671-8111. CIRCLE NO 303 443 
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If you're looking for excellence in 
Ceramic Irimmer Capacitors... 


Tusonix has the product versatility, 
QPL approvals and delivers what you 
want, when you want it 


We have the most complete line of precision Ceramic 
Trimmer Capacitors in the world, and it’s all backed by 
more than 40 years experience in perfecting our 
trimmer line. 

From trimmer assemblies down to our ultraminiature 
styles, Tusonix offers many formulations . . . and 
hundreds of mechanical variations. 

Come to Tusonix first as your source for excellence 
in Ceramic Trimmer Capacitors. Write for Catalog 500 


TODAY. . . or please call TUSONIX 


us at 602-744-0400. 
P.O. Box 37144, Tucson, AZ 85740-7144 
602-744-0400 Telex: (RCA) 299-640 
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DID YOU KNOW? 


EDN serves 


electronic engineers and 
engineering managers in more than 
100 countries worldwide. 


EIDIN 


NEW BOOKS 


structs of Pascal. The accompanying 
disk—for use with an IBM PC or 
compatible system—includes a dem- 
onstration version of the Turbo Pas- 
cal compiler, an on-screen help facil- 
ity, and several original applications 
programs. This package examines 
the basics of programming in stan- 
dard Pascal and provides a strong 
foundation for moving on to the full 
capabilities of the commercial ver- 
sion of Turbo Pascal. Also covered 
are the use of disk files for both text 
and data storage and such subjects 
as recursion, pointers, and machine- 
level interface. 


Quality Assessment of Printed 
Circuit Boards, by Preben Lund. 
530 pgs; $59.95; Bishop Graphics 
Inc, Westlake Village, CA, 1986. 

This indexed volume tells you how 
to establish inspection criteria for 
indentifying pe-board defects and 
their causes. Some of the topics 
include preparing for efficient, cost- 
effective inspection; implementing a 
sampling inspection method for re- 
ducing defects by 90 to 95%; choos- 
ing inspection equipment; evaluat- 
ing inspection results; and creating 
and maintaining an inspection re- 
cord. With an inspector’s view on 
what makes a design undesirable 
and prone to defects, the author 
explains how to distinguish between 
board faults that are merely cosmet- 
ic and those that affect board func- 
tionality. The book includes more 
than 500 photos, graphs, tables, and 
charts. 
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eons ae offset Niece error eS Fonly OWN 
_ maximum. This means you don’t need adjust- 
ment cep tapside and costly trim proce- 


100 pA Max. 
oo 140 
. ~16Vito +13V 
oe PIOG2Y 
.-+-- O0.8uV p-p 


C91 Serivces performance, iow noise, low 
power and +15V operation to the precision 
er pier user. 


‘her information on the TSC915, call 
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Mii size. Here are the 
icro smallest, most pow- 
erful step motor drive modules 
available today. Optically isolated 
and designed for top efficiency, 
these chopper drives are rated 2A 
and 3.5A per phase, 30VDC, 20kHz. 


Mi = processor based, 
icra data-driven pro- 
grammable preset indexers and 
motion controllers use industry 
standard machine tool language 
RS274 X, G and F codes for maxi- 
mum application flexibility. Pro- 
gram storage up to 400 lines, 2 
programmable inputs, 2 program- 
mable outputs and overtravel limit 
switches. Provide RS232C interface, 
parallel switch interface and PLC 
operating mode. Up to 99 units can 
_be daisy chained. 


drives of the 3480 Sefies are avail- 
able with either 1/425 of 4/140 micro- 
step as well as full and half step. An 
innovative current control method 
assures smooth operation over a 
broad range, outperforming other 
drives on the market. And at lower 
cost. 


For detailed product specifications 
and fo arrange for an engineering 
test sample, write to The Superior 
Electric Company, 383 Middle 
Street, Bristol, CT 06040. For immedi- 
ate action, call 203/582-9561. 
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© The right amount of automation. 
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START- UPS 


ngineers invest talent, 
time, and money to build a 
start-up company of their own 


one from the living room at 640 Crest Drive in Encini- 

tas, CA, are the furnishings typically found there. No 

couch, no easy chair, no coffee table, no family photos— 
the room is empty except for three long fold-up tables. Atop the 
tables are VME Bus and Multibus boards set in open-frame 
chassis and ready for demonstration. On another table are 
stacked data Sheets with information on the hardware and 
software on display. Around the corner 
from the living room is an administrative 
office with a file cabinet, a desk, and 
bookshelves. And down the hall, careful- 
ly labeled and neatly stored in a bed- 
room closet, are boxes filled with the 
chips, resistors, capacitors, and other 
parts used to build the boards. Welcome 
to the headquarters of Owl Computers 
Ine. 

For the past 2’% years, Owl Comput- 
ers has operated out of the southern 
California home of its president, Gene 
Bartsch. A maker of a Multibus board 
set, a VME Bus processor board, and a 
cross software-development system, the 
company is a pure engineering start-up. 
It has no professional managers and no 
support staff. It’s the product of thou- 
sands of hours of work by nine engi- 
neers, who designed and developed the 
company’s products, and who financed the start-up with no 
outside capital—a rarity in an industry in which venture-funded 
start-ups have become the norm. With the exception of Bartsch, 
Owl Computers’ engineers have worked for the company by night 
and continued to hold full-time jobs by day. 

Building the company has been a challenge for all involved, but 
for Bartsch it’s also been an opportunity to prove a theory that he 


Deborah Asbrand, Staff Editor 


Photographs by Robert Burroughs 
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had developed over 15 years of work as 
an engineer: If engineers work in an 
environment in which they have respon- 
sibility for a product’s design and a fi- 


nancial stake in its success, they will 
generate innovative, competitive prod- 
ucts. 

Bartsch didn’t always aspire to run his 
own company. The establishment of Owl 
Computers was a reaction to the work 
constraints he experienced in a large 
corporate setting, an environment he 
found confining and counterproductive. 
The importance of many of the tenets on 
which Owl Computers is based—finan- 
cial incentives and group discussions of 
both design and business strategies— 
first began to jell for him when he 
worked as a group manager for a large 
computer manufacturer in San Diego. 


artsch offers a litany of prob- 

lems that impeded innovative 

design at his former employer. 
After once pushing his staff to work 
overtime to gain a few days on a project, 
Bartsch found that a crucial part was not 
yet in stock; the requisition, sent to the 
purchasing department two months ear- 
lier, was found still lying in the purchas- 
ing agent’s in-box. Such procedural lag 
times, which Bartsch sadly discovered 
were common in other company depart- 
ments, proved too inflexible to meet his 
projects’ design demands. “Engineering 
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“Ging over 40% 


of our company to 
a venture capital- 
ist would seem 
like working for 
an employer.” 


is an anomaly,” he says. “It is often only 
in the development process that you dis- 
cover you need a part—and you need it 
right away.” 

In another incident, company officials 
met with engineers to tell them about a 
new project the company was undertak- 
ing. The project was an important one, 
and over the next year, many of the 
engineers would be required to work six 
days a week for as many as 10 hours each 
day. As a reward for their extra work, 
the company officials announced, several 
of the participating engineers would be 
eligible for $2500 bonuses. Bartsch and 
his colleagues regarded the compensa- 
tion offered as a demeaning return on 
their investment of many long working 
hours. 

The complacency that Bartsch ob- 
served throughout the company became 
more apparent to him after a business 
trip took him to several small, young 
companies. In a later informal discussion 
with his supervisor, Bartsch suggested 
that perhaps the company’s long 
product-development cycle might be hin- 
dering its ability to make competitive 
products. If a small company could pro- 
duce in two years what his employer took 
six years to build, Bartsch argued, the 
smaller company would be building its 
third-generation product by the time the 
large company’s first-generation product 
was introduced. The supervisor replied 
that it was accepted practice to spend six 
years developing a product. 


n a final attempt to instill some 
vigor into his group, Bartsch spent 
nights and weekends developing 
plans for a microprocessor-based com- 
puter board that he and his staff would 
design. The plan included provisions for 
spinning off Bartsch and members of his 
staff into a new group that would work in 
quarters separate from the company’s 
main facilities. The project’s engineers 
would receive a financial incentive for 
their efforts in the form of a royalty, the 
amount of which would be based on the 
product’s sales. 
The division’s director of engineering, 
general manager, and corporate vice 
president reviewed the plan, and the 
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company later agreed to fund it. Deem- 
ing it more appropriate for development 
in its Colorado division, however, the 
company asked that Bartsch and his 
staff relocate to Colorado. After advis- 
ing the company that he found the relo- 
cation of the project unfair, Bartsch was 
taken off the project. It was then, he 
says, that “I knew my future was not 
with this company.” 


nsure of what direction he 
would take next, Bartsch con- 
sidered seeking a steady job 


with another company or possibly work- 
ing for a smaller company. But in addi- 
tion to his opinions on what constitutes a 
productive engineering environment, 
Bartsch holds strong views on American 
business and the role of employees in 
business. He decided that he had to have 
tangible evidence that his ideas were 
true. “I decided I had to try [forming a 
company] to see if I knew what I was 
talking about.” 

After studying the market for board- 
level computer products, Bartsch devel- 
oped a business plan that focused on the 
development of a 32-bit Multibus board 
set. While refining the plan, he set out to 
form an engineering team that reflected 
the right “mix of talent to work together 
and do the job.” Finding interested, 
qualified engineers to work for the new 
company was not hard. Word of the 
prospective start-up spread quietly 
through the local engineering communi- 
ty, and Bartsch received phone calls 
from several former colleagues asking 
him about engineering opportunities at 
the new concern. 


ome of the engineers who finally 
. joined Owl felt the same frustra- 

tions that Bartsch had experi- 
enced. “A lot of the members of the 
group were so frustrated by their jobs 
that without the opportunity to work on 
the new company, they probably would 
have quit,” he says. Others, however, 
enjoyed the more stable environment of 
full-time work at a larger employer but 
were too intrigued by the excitement of 
anew company and a technical challenge 
to pass up the opportunity. “I had to 


An estimated 
15,000 hours of 
unpaid work went 
into the design of 
the company’s 
first product line. 


. ~ 
3 ; 


take [the risk] because I couldn’t have 
stood myself if I hadn’t,” says Jim Han- 
sen, a systems integrator. (“Hansen” is 
a pseudonym; because he is still working 
for his full-time employer, he has asked 
that his real name not be used.) 

A hardware designer and former co- 
worker of Bartsch’s jumped at the 
chance to be part of the new venture. 
“Gene really impressed me when I 
worked with him,” says David Thomas 
(also a pseudonym). “He’s aggressive, 
organized, and always trying to get 
things done—which in a big company 
doesn’t always happen. Somehow, some- 


eee 


: 
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way, he’d get the parts he needed. 


When he asked me to join the company, 
I was happy to.” 

After assembling a team of hardware 
and software professionals, Bartsch 
began traveling the venture-capital 
circuit seeking financing for the group. 
One venture capitalist turned down the 
group’s request for $1.1 million but of- 
fered $200,000 in exchange for 40% equi- 
ty. After careful consideration, the 
group declined the offer. Instead, they 
chose to use their own savings to finance 
the company. “We made a decision to go 
as long as we could on the resources we 
had,” Bartsch remembers. “Giving over 
40% of our company to a venture capital- 
ist would have seemed like working for 
an employer.” 

The engineers contributed a total of 
$70,000 of their own money to finance 
the business and retain ownership. 
Without the financial support of venture 
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capital, all of the group’s members ex- 
cept Bartsch chose to continue to work 
at their full-time day jobs and work for 
the new company at night. Bartsch, who 
had put aside enough money to support 
himself and his family for about one 
year, became the company’s first full- 
time employee and currently is the only 
one. 


n retrospect, the decision to boot- 
strap the company rather than ac- 
cept venture funding was a crucial 


one. “We would have been committing 


suicide if we’d [accepted venture money] 
because of the unpredictability of the 


economy and customers,” says Hansen, 
who invested $12,000 in the company. 
The Multibus board set’s development 
was delayed five months while the engi- 
neers waited for National Semiconduc- 
tor to deliver working chips. Then, in 
early 1985, when Owl introduced its first 
products, the electronics market plum- 
meted. “Venture capitalists wouldn’t 
have let us live through that,” Hansen 
says. “When you're in a start-up, you 
can’t predict a lot of what happens.” 

After choosing to fund the business 
themselves, the engineers began design- 
ing the company’s products. With all of 
the principals but Bartsch moonlighting 
for the company, the boards’ design was 
done late at night. Owl Computers, in 
fact, derives its name from its founders’ 
nocturnal work habits. 
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Bartsch says that 
the company has 
proven his theory 
that uf engineers 
have responsibility 
for a product's 
design and a 
financial stake 

in its success, they 
wil generate com- 
petitive products. 


In addition to their full-time day jobs, 
Owl’s engineers each put in as many as 
100 hours a month designing the compa- 
ny’s products. When the hardware was 
being designed, as many as six of the 
engineers could be found working each 
night at Bartsch’s house, which served 
as the group’s laboratory. “Sometimes 
people just came by to see how things 
were going,” Hansen remembers. 

Hansen, who often worked until 2 
AM, recalls the invigorating atmosphere 
of the project’s earliest days: “The hours 
were long, but most of the time it was 
exciting. Sometimes I would find myself 
feeling that I couldn’t stay awake any 
longer, and then I would look at the 
clock and know why.” An estimated 
15,000 hours of unpaid work went into 
the design of the company’s first product 
line. 

Working independently on various 
parts of the design, the engineers met as 
a group as often as every two days 
to review the development process. 
Bartsch calls the process “scary and 
exhilirating. Decisions that you used to 
have to give presentations on and hold 
meetings on, and that took three to nine 
months, were made immediately. It was 
a heady feeling to be able to make these 
kinds of decisions.” 


he company’s limited funding 
and consequent lack of equip- 
ment, however, left the engi- 
neers to their own devices in much of the 
design cycle. “Since we had no funds, we 
used a lot of guesswork because we 
didn’t have the equipment we needed,” 
Hansen says. “We had a used oscillo- 
Scope with one channel that worked— 
sometimes.” Bartsch describes the engi- 
neers’ response to this privation: “In a 
small company, you can’t afford to buy a 
lot of the [equipment] you want, so you 
make your design cleverer so you don’t 
need it.” The engineers built several 
pieces of tooling and testing equipment 
for their own use. In place of a logic 
analyzer, they built display boards and 
logic circuits that let them probe the 
data buses. They also had modules that 
allowed them to set breakpoints. 

The reception of Owl’s products in the 
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ONE CHOICE TO READ, 
REREAD, AND 
FICE. 


You said yourself. 


Ask which electronic engineering publication is most useful on 
the job and your answer is EDN. 

Again and again. 

In fact, EDN has won 87 out of 125 (or 70%) of the independent 
readership/reader preference studies conducted since 1978. That includes 
capturing the 1984 Westcom Study, the most comprehensive readership 
study ever conducted in the industry. Which tells us EDN captures more 
attention than any other electronic engineering publication. 

Thanks. We couldn’t ask for better results. 


First in Readership among Design Engineers and Engineering Managers in Electronics 
Cahners Publishing Company |! Publishers of 33 specialized business magazines in Building & Construction ( Electronics & Computers 
|] Foodservice (] Manufacturing [1 Medical/Health Care Cahners Building, 275 Washington Street, Newton, MA 02158-1630 617/964-3030 
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OEM market has been mixed, Bartsch 
says, and part of the reason is that the 
company suffers from the stigma of 
being a small business. Some big compa- 
nies simply won’t do business with a 
small company, he laments. Others will 
buy products from a small company only 
if that company can show a specified 
minimum annual sales figure, as a sign 
of stability. 

To boost sales, the company has re- 
tained six sales representatives in the 
US and five more overseas. Bartsch, too, 
has called on customers and has discov- 
ered “the thrill of a sale’”—admittedly 
strange words coming from an engineer. 
“Tn most organizations, the engineers 
are too far removed from the customers 
to respond to their needs,” he notes. 


wl’s progress has been slowed 

at times because its founders’ 

training is in engineering 
rather than in business. Although he had 
earned one-half of the required credits 
for a master’s degree in business admin- 
istration, Bartsch’s business experience 
was limited. So, too, was that of the 
other members of the group. To compen- 
sate for his lack of formal business train- 
ing, Bartsch has often consulted the 
owners of other local start-up companies 
on the finer points of running a business, 
such as the legalities of writing an 
agreement with a sales representative. 
Owl’s low-key promotion and marketing 
of its products, too, reflect Bartsch’s 
unfamiliarity with those aspects of busi- 
ness. Within the next year, he expects 
the company will hire a marketing 
manager. 

Bartsch will reveal few details on the 
company’s financial statistics. He won’t 
divulge the number of units Owl has 
sold, although he says it’s in the dozens. 
Nor will he reveal the company’s sales 
figures, except to say that the company 
saw $30,000 in sales in July, making that 
month its most profitable to date. He 
also refuses to make any sales projec- 
tions for Owl. 

Owl’s intent is to be a business firmly 
rooted in technological expertise, with a 
corporate culture that emphasizes quali- 
ty products and customer service. Cor- 
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Stored in the 
bedroom closet 
of Bartsch’s 

3- month-old 
daughter are the 
chips, resistors, 
capacitors, and 
other parts used 
to build the 


company’s boards. 


éc 


porate culture, Bartsch says, is “a 
common feeling of what you're trying to 
accomplish and why.” Although it is the 
most important part of a company, he 
stresses, it is also the component 
most often missing. “In venture-backed 


companies, a 10-man company hires an- 
other 30 people, and none of them gets a 
chance to find out what the company is 
all about.” 


he company is confident that it’s 
creating the kind of work envi- 
ronment in which innovative en- 
gineering thrives. Yet building the com- 
pany has exacted a heavy toll from its 
founders. “I didn’t realize how all- 
encompassing it would be,” Bartsch con- 
fesses. “I used to have hobbies, for ex- 
ample, but they’ve all fallen by the 
wayside.” He also was unprepared, he 
says, for the amount of physical and 
emotional stamina starting the company 
required. Indeed, after working seven 
days a week for several months, the 
group made a decision to take every 
other weekend off. The design schedule 
has kept Owl’s founders away from their 
families for long periods of time, but 
they have weathered the separations 
with few problems. “We work it out,” 
says Thomas. 
Bartsch looks forward to the compa- 
ny’s expansion and the opportunity to 
hire more employees because, he candid- 
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TRIRIDGE 
Reed Relays 
Because true 
economy is in 
long-term 


_ performance! 


If you’ve ever doubted the economy of quality, 
consider the cost of warranty repairs on 
expensive equipment returned due to relay 
failures. Triridge has made the investment 
necessary to provide you the finest reed relays 
available, so you can count on years, even 
decades, of reliable performance. 


C1) High-voltage hold-off: to prevent current 
leakage and faulty operation. 

(] Bobbin-less construction: to enhance 
performance and reduce package size by 
up to 40% (ideal for use in hybrid circuits 
integrating SMT components). 

CL] 100% incoming testing: all contacts cycled 
for 100,000 operations, then 100% tested 
for sensitivity, C/R. 

(] 100% in-process testing: electrical and 
mechanical 

L] 100% final testing: for sensitivity, contact 
resistance and voltage hold-off. 

1) Design assistance: our engineers are at 
your disposal. 

(1) Reliable delivery: stocked products to you 
within 24 hours, non-stock items to you on 
firm, dependable schedules. 

CL) Proven long-term performance: in all 
applications from aerospace, to industrial 
controls, to telecommunications. 
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FREE Designer's Kit! 


The designer’s handbook of reed relay 
applications, an R/C Arc Suppressant 
Nomograph, and the complete Triridge reed 
relay product catalog: To get it all, call or 
write us, or circle the reader service number. 


ZS TRIRIDGE 


TRIRIDGE CORP. 
P.O. Box 2130 

Leesburg, FL 32749-2130 
(904) 728-0799 

EZ LINK: 62948541 


Toll Free: (800) 537-3529 
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ly admits, “we’re tired. By doing it our- 
selves, it’s been a monumental task. By 
bringing in new people, we’d bring in 
new energy.” 

Still, Bartsch proudly remarks on 
Owl’s successes. The company has de- 
signed, developed, and manufactured 
three new products in 2% years. Two 
more products are scheduled for intro- 
duction by mid-1987. From a filing cabi- 
net in his office, Bartsch removes files 
thick with the names of more than 2000 
trade-magazine readers who have in- 
quired about Owl’s products. Amid the 
technical documents on the shelves in his 
office, he points to the National Semi- 
conductor Series 32000 software catalog, 
which lists Owl Computers’ products 
among its contents. 


he threat of failure, however, is 

always nearby. And for a busi- 

ness the size of Owl, Bartsch 
admits, failure “has to be on anyone’s 
mind.” The next year will be important 
for the company. A sales and marketing 
campaign is what the founders believe 
Owl needs the most. They hope money to 
fund the effort will come from technolo- 
gy-licensing agreements they’re negoti- 
ating with five companies for use of 
Owl’s boards. If the negotiations fall 
through, the founders must decide 
whether to retain complete ownership in 
the business and risk folding it for lack of 
financing, or share company ownership 
with investors, possibly venture capital- 
ists, and use the infusion of capital to 
further the business. 

“We haven’t been wildly successful, 
but we haven’t failed either,” Bartsch 
says of the company. And though the 
success of the company’s beginnings is 
somewhat qualified, his faith in the orig- 
inal theory hasn’t waned: Owl Comput- 
ers’ deft designs, he believes, have prov- 
en that by aligning individual workers’ 
interests with those of the company, and 
by allowing them to realize some of the 
profits from a product, a company great- 
ly increases its productivity. EDW 
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1986 Editorial Calendar and Planning Guide 


Issue Recruitment 
Date Deadline Editorial Emphasis 
Dec. 11 Nov. 18 Product Showcase—Volume I; ICs & Semiconductors; Hardware & Interconnection 
Devices; Power Supplies/Sources; Software; Literature on Computers & Peripherals, Closing: 11/3 
Components, Test & Measurement Instruments, International Products Mailing: 11/25 
Dec. 25 Dec. 4 Product Showcase—Volume II; Computers & Peripherals; Components; Test & Meas- 


urement Instruments; International Products; Literature on ICs & Semiconductors, 
Hardware & Interconnection Devices, Power Supplies/Sources, Software 


Call today for information. 


East Coast: Janet O. Penn (201) 228-8610 
West Coast: Dan Brink (714) 851-9422 
National: Roberta Renard (201) 228-8602 
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It's the number one way to hire elec- 
tronic engineers. Because it’s the 
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BACKLOGGED 


TO THE FUTURE 


At the Western Development 
Laboratories Division of Ford 
Aerospace & Communications 
Corporation in Palo Alto, our backlog 
stretches well into the 1990s. A number 
of advanced projects have created the 
need for skilled, dedicated 
professionals today who want to be part 
of this challenging, diverse and 
rewarding era. Apply for these critical 
openings now: 


RF Design Engineer 


In this position, you will provide techni- 
cal direction for specifications on mili- 
tary microwave systems and 
narrowband/wideband subsystems. 
You will also be involved in the devel- 
opment of technical proposals for future 
business. As a seasoned professional, 
you should have at least 10 years of 
RF/Microwave design/test experience. 


Telecommunications Design 
Engineer 


We need a proven innovator to contrib- 
ute to our technical proposal efforts 
related to |, R&D; serve as consultant to 
our program offices, and lead engineer- 
ing personnel on design tasks. Ideally, 
you should have 10+ years’ expe- 
rience in telecommunications equip- 
ment/systems design with an emphasis 
on performance improvement/cost 
reduction. 


Digital Signal/Image 
Processing Design Engineer 


Your skills will contribute to advanced 

research efforts in the development of 
new business and systems. Requires at 
least 10 years’ experience in the design 
and development of digital signal/image 


processing hardware and microproces- 
sor firmware. Additional experience 
should include signal processing sys- 
tem design, digital data transmission 
and networking theory. 


M@ For the above positions, respond to 
Department JP-EDN1113. 


Systems/Satellite 
Transponder Design 
Engineers 


Responsibilities will include analysis, 
development and design of satellite 
communications systems. Requires a 
BSEE, or equivalent, plus 5-8 years of 
experience in microwave transponder/ 
subsystem design. Familiarity with all 
aspects of communications transpond- 
ers required - TT&C transponder 
design a plus. 


Spacecraft Mission 


Operations Engineers 


Requires experience in the operation of 
hardware and software for spacecraft 
control. You must also be experienced 
in the generation of operations require- 
ments, mission sequence of events, 
and operations procedures. A BSEE, 
CS, mathematics, physics, or equiva- 
lent, is required. 


lm For the above positions, respond to 
Department GS-EDN1113. 


Tactical Mobile Electronic 
Integration Engineering 


Specialist 


Project lead position responsible for the 
detail design of military mobile electron- 
ics system components. Will perform 
trade studies, cost/schedule control, 


Ford Aerospace & 
Communications Corporation 


Western Development Laboratories Division 


U.S. Citizenship Required. 
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and interpretation of customer specifi- 
cations. Requires working knowledge 
of MIL Specs and military documenta- 
tion, shock and vibration systems, air 
conditioning systems, electronic racks, 
CBR protection systems, manufactur- 
ing processes, thermal and dynamic 
analysis. A BSME or physics, or equi- 
valent, and 10 years of experience 
required. 


Senior Human Factors 
Engineer 


Responsibilities include performing 
human factors plan development pro- 
posal preparation, design review pre- 
sentations, study report preparation 
and testing. Requires a minimum of 10 
years of human factors experience 
including hardware design and layout, 
software design from MMI viewpoint, 
hazard analysis and man/machine 
interface requirements. Also requires a 
BA/MA in engineering psychology, 
computer engineering, or equivalent. 
MIL-STD-1472 and MIL-H-47855 sys- 
tem design requirements essential. 


M@ For the above positions, respond to 
Department PF-EDN1113. 


We’re Anxious to Hear 


From You. 


We need you now. Learn more about 
the many challenges and rewards we 
can offer you, including a very gener- 
ous benefits package. Please send 
your resume to the attention of the 
appropriate department at: Ford 
Aerospace & Communications 
Corporation, Western Development 
Laboratories Division, Professional 
Staffing, 3939 Fabian Way, Palo Alto, 
CA 94303-4697. An equal opportunity 
employer. Principals only, please. 
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N M A R 


MASTERMINDING 


THE ADVANCED TECHNOLOGIES OF 


SPACE, DEFENSE, 
& INFORMATION SYSTEMS 


From a variety of locations, on 
a diversity of projects, Martin 
Marietta is developing the advanced 
technologies necessary for today’s 
space, defense, and information 
systems. 


At Denver Aerospace, in 
Colorado, far reaching capabilities 
in spacecraft fabrication, instrumen- 
tation, launch vehicle systems, 
propellant and power management 
systems, electronic systems and 
software, and guidance and control 
systems, enable this Martin 
Marietta company to successfully 
tackle a broad range of projects. 


Electro-optical, millimeter-wave 
radar, very-large-scale and high- 
speed integration of microelectronic 
circuits represent just a few of the 
technologies applied to advanced 
weapon systems at Orlando 
Aerospace in Florida. 


Baltimore Aerospace develops, 
produces, and assembles aero- 
mechanical systems including 


missile-launching systems, naval 
systems, and air-frame components. 


Current activities for Martin 
Marietta Information and 
Communications Systems include 
command, control, communications, 
and intelligence systems, and 
engineering support and overall 
integration of the FAA’s National 
Airspace System Plan for 
modernizing the nation’s air traffic 
control system. 

Programs in artificial 
intelligence have Martin Marietta 
engineers, at all locations, involved 
in advanced robotics, expert 
systems, image understanding, 
autonomous systems, and automa- 
ted electronic chip manufacturing. 


In New Orleans, Michoud 
Aerospace builds the Space 
Shuttle’s External Tank providing 
the structural ‘backbone’ and fuel 


supply for the Shuttle at launch. 
Along with Denver Aerospace, they 
are also working on concept 
definition and preliminary design of 
the common modules, as well as 
other elements for NASA’s Space 
Station. 


Masterminding the advanced 
technologies of space, defense, and 
information systems is a formidable 
challenge. At Martin Marietta, we 
accept that challenge. With your 
help, we can meet it. 


If you’re an aerospace 
professional or engineer, consider 
the opportunities available 
throughout Martin Marietta. Send 
your resume to the Martin Marietta 
company of your choice. 


We are an Equal Opportunity 
Employer. 


SE LESS PETE TD AY I ILL TET ESS NIE OIE ESL EER ODT STERILE DI UNE ENE AOE TEL IEE NRO OTE AIT GEE LCRA ERE I ESSE SUN PONS IT TS I ITT DEW EI OE I TIS TSO RE EEO OEE ARMAS TT TIDE T GIES I TI FTIR EINE 


MATIN MAFIETVTTA 


A ESS ENS OI La OEY BE LS LER TL TOO A EET NTE TI PI EEL LS ATT TB TET SRLS SEIT IGE LER BEE EERE TITER ES AGES IE SST RPL SRT I TOTES NPE SIT SO AT SARIN “NERS SS ES UIA NE RG SEAT 
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enver 

Systems Engineers 

Electronic Engineers 

Software Engineers 

Software Quality/Test 
Finance/Contracts 

Logistics 

Estimating/Planning 

Mechanical Aerospace Engineers 
Manufacturing Aerospace Engineers 


[artin Marietta Denver Aerospace, 
.O. Box 179, Mail #61311 
enver, CO 80201 


dando Aerospace 

Radar Systems Design & Analysis 
EO Design & Analysis 
Digital/Analog Design 

Systems Engineers 

ATE Design 

Configuration & Data Management 
Manufacturing/Quality Engineers 
Financial Cost Estimators/Administrators 
Structural Design/Analysis 

artin Marietta Orlando Aerospace, 


O. Box 5837-MP #9 
‘lando, FL 32855 


formation & 

mmunications Systems 
lenver, Co ’ 

Computer Simulation Modeling 
Computer Security Architecture 
Systems Test Engineering 
Software Quality Assurance 


Hardware Quality Assurance 

Project Engineering Estimating 
Contract Administrators 

artin Marietta 

formation & Communications Systems, 
O. Box 1260, Mail #XG1310 

snver, CO 80201-1260 


iHtimore Aerospace 
Software/System Engineers 
Robotics Engineers 

Local Area Network Engineers 
Design Checkers 
industrial/Manufacturing Engineers 
Quality/Audit Engineers 
“stimating/Planning 
Materiel/Subcontract Administrators 
Artificial Intelligence 


atin Marietta Baltimore Aerospace, 
3 Chesapeake Park Plaza 
ltrmore, MD 21220 


?ropulsion/Thermal Engineers 
‘light Control 

onfiguration/Data Management 
Tuman Factor/Life Support 
structural/ Mechanical Engineers 
Manufacturing/Quality Engineers 
‘lectrical/Electronic Engineers 
utin Marietta Michoud Aerospace, 
choud Assembly Facility, 

x 29304, 

w Orleans, LA 70189 
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SUPER MINICOMPUTER 
RESEARCH & DEVELOPMENT 
OPPORTUNITIES 

San Diego, CA 


Gould Inc., Computer Systems Division, is the price/ performance 
leader in the super minicomputer market. Our trail blazing innovators 
have created the world’s hottest line of high performance 32-bit 
minicomputers. We are currently seeking Computer Hardware / Soft- 
ware Design Engineers and Technical Managers in the following 
areas: 

¢ Memory Development 

¢ CAD Applications Development 

¢ Floating Point Design 

e Logic Design 

¢ Firmware Development 

¢ Operating Systems Development 

e Systems Simulation 

e Micro Assembler Design 

¢ Diagnostics Development 

¢ Circuit Design 

e Packaging Design 

e Electronics Packaging Design 

¢ Compiler Development 

¢ Sr. Hardware Technical Writers 


Our modern facility overlooks Bernardo Heights, off I-15 North, one 
of San Diego’s most prestigious and beautiful communities. We offer 
the excellent salary, benefits and professional development opportu- 
nities that you would expect with a dynamic Fortune 250 company. 
For confidential consideration, send resume to Mr. Tony Walker, 
GOULD INC., Computer Systems Division, 15378 Avenue of Science, 


San Diego, CA 92128. An Equal Opportunity Employer M/F/H/V. 


= GOULD 


Electronics 


It You're Looking 
For a Job, 


You've Come to 
The Right Place. 


EDN CAREER 
OPPORTUNITIES 


EIDIN 
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Were worldwide. 


We're long established. 


We're in Santa Clara. 


We're Siemens. Pushing back barriers in the semiconductor 
industry to open up a new world of opportunity for progressive, 
risk-taking professionals. 


An innovator known the world over for nearly 140 years, we’re 
making a tremendous investment in the future as we move 
Siemens’ Semiconductor Group to Santa Clara. The environment, 
the resources and the commitment are virtually unparalleled. And 
you can be a part of this dynamic environment in one of these 
select positions. 


VLSI CHIP ARCHITECT 


Requires 3+ years of experience involving the architecture, hard- 
ware and software design of digital networks or data communica- 
tions products; DSP experience preferred. Will define and develop 
VLSI chip specifications, HW/FW/SW architecture, and top down 
logic designs for data communications ICs. 


POWER IC Q/R ENGINEERS 


Requires BSEE with a minimum of 3+ years experience in power 
semiconductor technology, test procedures, and structured pro- 
gramming languages. Experience with HP80 or 200 computers 
and/or TESEC Testers a plus. 


SMART POWER MOS IC DESIGNERS 


These positions require a minimum of 2+ years experience involv- 
ing transistor level MOS IC design and a working knowledge of 
CAE/CAD design tools. ABSEE/MSEE or equivalent and power 
MOS design experience required. 


SENIOR APPLICATIONS ENGINEERS 


Requires a BSEE (MSEE preferred) and 5+ years’ systems expe- 
rience. Proficiency in power transistor circuit design/trouble- 
shooting, MOSFET circuits and process technology necessary. 


TELECOM APPLICATION ENGINEER 


In this position, you will recommend new products in the telecom 
area, develop and present technical seminars on ICs for telecom 
applications, and interface with the customers to determine 
acceptable technical specifications. The skilled communicator we 
seek will have a BSEE or equivalent and 5 years of experience that 
includes knowledge of A/D and D/A converter principles and all 
levels of Communication protocols. 


SEMI-CUSTOM IC DESIGNERS 


Requirements include a BSEE (MSEE preferred) and a minimum 
of 3 years experience in gate array and CMOS standard cell 
design. 


VLSI SYSTEMS/LOGIC ENGINEERS 


Requires 3+ years’ experience in VLSI architecture, logic and sim- 
ulation for LAN products. Strong CAE/programming skills 
necessary. 


PRODUCT MARKETING ENGINEERS 
TELECOM ¢ MICROPROCESSOR/ MICROCONTROLLER 


Requirements for positions within these two product areas 
include a BSEE or the equivalent and 2 to 4 years of related com- 
ponent IC marketing experience. You will assume responsibility 
for maintaining present IC accounts and developing new custo- 
mers. You will be involved in presentations and seminars for cus- 
tomers, reporting of competitive analysis, new product ideas, and 
interaction with engineering. 


PRODUCT MARKETING MANAGERS 
TELECOM ¢ MICROPROCESSOR/MICROCONTROLLER 


Seasoned IC marketing professionals can parlay a BSEE (MSEE 
preferred) and 7 to 10 years of experience into the opportunity of a 
lifetime. We are interested in aggressive marketers who can 
assume full product responsibility, new business development, 
and marketing interaction with our Munich headquarters. Focus 
will also be placed on the staffing and management of our market- 
ing and application engineering group. 


Additionally, Product Marketing Managers - Telecom, will need 
LAN experience. Product Marketing Managers - Microprocessor/ 
Microcontroller will need an in-depth knowledge of marketing 
microcontroller variance, peripheral devices such as ADMA, as 
well as familiarity with Intel microprocessor/microcontroller 
peripherals. 


We offer responsive management, competitive compensation and 
performance incentives, extensive benefits and excellent potential 
for professional recognition and growth. For immediate consider- 
ation, send resume indicating position of interest to: Professional 
Staffing, Siemens Components, Inc., Semiconductor Group, 
Dept. EDN, 19000 Homestead Road, Cupertino, CA 95014. We 

are an equal opportunity employer. PRINCIPALS ONLY PLEASE. 


Siemens. A world leader in semiconductor technology. 


EDN November 138, 1986 


461 


Artificial 
Intelligence 


United Technologies Research Center is a 
recognized leader in innovative technology. We are 
currently seeking a top-level professional to join our 
Artificial Intelligence section. 


Research & 
Applications 


You will be involved in research projects rang- 
ing in scope from system monitoring/diagnostics, 
natural language understanding, and planning/de- 
sign for computer-aided engineering, knowledge 
representation languages and expert systems. In ad- 
dition, you will provide technical and program 
leadership in defining/implementing practical sys- 
tems; research state-of-the-art in Al as applied to 
specific areas; determine appropriate software tools 
for Al-based implementations. 


Your MS or PhD in CS with concentrated course 
work in Al, LISP programming and knowledge 
representation, plus research experience in expert 
systems, natural language interfaces or planning 
paradigms would be an asset. 


United Technologies Research Center provides 
a superior compensation package. Please send 
your resume, in confidence, to: Dr. Wayne W. Kuhnly, 
United Technologies Research Center, MS 35, 
EDN1413, Silver Lane, East Hartford, CT 06108. 


UNITED 

VA TECHNOLOGIES 
RESEARCH 
CENTER 


Equal Opportunity Employer U.S. Citizenship Required. 


LET US PLACEYOU 
BETTER JOB NOW 


Put our 20 years experience 
placing technical profession- 
als to work for you. Client 
companies pay all fees; you 
get our expert advice and 
counsel FREE. Nationwide 
opportunities in Communi- 
cations, Defense, Intelli- 
gence, Computer, Satellites 
and Aerospace Systems. If 
you earn over $25,000, we 
have a better, more reward- 
ing job for you... right 
now. U.S. Citizenship is 
required. EBI/SBI desirable. 
Send your resume in confi- 
dence to: Dept. FA-ECN. 


GEERT SOE STR 
WALLACH 
associates, inc. 
ESSERE TS 
Washington Science Center 


6101 Executive Boulevard, Box 6016 
Rockville, Maryland 20850-0616 


Technical and Executive Search 


Wallach .. . Your Career Connection 


DEVELOPMENT 
ENGINEER 


Design hardware tailored to support the Open 
Systems Interconnection (OSI) protocols. 
Evaluate and redesign the Control Point Bus 
protocol and chip implementation. Develop and 


design high speed state of the art protocol 
engine (e.g. EPA MAP) as well as hardware to 
support the integration of information and con- 
trol for Home Automation programs. 


Requires MS degree in Electrical Engineering. 
Requires knowledge gained through 30 credits 
graduate level course or research experience 


ENGINEERING with data communication, local area networks, 
(HW/SW) communication protocol standards, the Open 


System Interconnection Reference Model, 
Top Producer in the largest personnel network system digital and microprocessor design, and state 
currently has openings for ALL Engineering and com- SD BUCO cer Won ee eee 
puter professionals. Over 200 offices through the U.S. Goh vith beseiee en 
and Canada. All fees, interview and relocation expenses Mr. B.J. Tibbetts 
are borne by our client companies. Please call or submit ; 
your resume to: Minnesota Department 


690 American Cote Butiding 
RIKER PERSONNEL n Aenean Cai uli 
8790 Purdue Road, Suite E St. Paul, MN 55101 
Indianapolis, IN 46268 


(317) 875-9911 CMOS Device 


Product Engineer 


Product Engineer for custom and gate array 
type integrated circuit products. Responsible 
for yield analysis, improvement, characteriza- 
tion and optimization of designs. Support new 
technology development, develop device 
models for circuit simulation, device rules and 


Place equivalent space 


Reduced 


in b oth EDN Care er characterizations, and evaluate new processes. 
° ne Requires MS degree in Electrical Engineering. 
Oppor tunities and Requires one year experience with Semicon- 
eCCrul me . ductor device physics, electrical characteriza- 
EDN Career News in ots inegratid: Cees Ayu sae aie 
omplementary Metal Oxide Semiconductor 
Rates | the same month and get integrated circuit fabrications. Salary $3,025 per 
a a ¥; discount off the eae 


Submit resumes to: 


Career News rate. Ms. Nancy Thompson 
7-125 


Minnesota Department 
of Jobs & Training 
690 American Center Building 
150 East Kellogg Boulevard 


St. Paul, MN 55101 
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“OM UitaCtVG 


A WYIECE LCS 


offer the opportunity for each person 


to contribute significantly. ”’ 


Erling Rasmussen 
Engineering Manager 
Aerospace Systems 


The professionals of Motorola’s Government 
Electronics Group (GEG) have much to say about 
their company because GEG is a place where 
innovative ideas are put into action. The result is 
leadership in the research, development and manu- 
facture of electronic hardware for our country’s 
defense, national security and space programs. If 
you have the imagination and skill required to extend 
our technical frontiers, consider the opportunities 
now available. 


Senior Electrical Engineers 


Proven experience in low phase noise, fast settling 
synthesizers with output frequencies in S-band and 
above. Translate design requirements and concepts 
into operational hi-rel H/W. Knowledgeable in related 
test equipment and test techniques. Prefer BSEE/ 
MSEE. Contact Kevin Kealey. 


Principal Electrical Engineers 


Senior engineering staff to provide technical leader- 
ship on advanced communication programs in the 
areas of digital signal processing or state-of-the-art 
narrowband receivers. Responsible for hardware 
design and development of high-reliability equipment 
including synthesizers, UHF log amplifiers, SAW 
filters, microwave and compression receivers, and 
ground based spread spectrum receivers. Prefer 
BSEE/MSEE. Contact Kevin Kealey. 
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Satellite Communications 
Engineer S — Key technical responsibility 


for design of TDMA modems, receivers and signal 
collection systems. Requires hardware design ex- 
perience with good communications system analysis 
background and design of receivers, modems, or 
other aspects of high-data rate satellite 
communications systems. Prefer MSEE/PhD EE with 
5-710 years related experience. Contact Mike Foster. 


Mechanical Engineer 
Structural Analyst — seeking a 


qualified engineer for a leadership role in our 
Mechanical Engineering Laboratory. We will utilize 
your extensive expertise in: solid mechanics, struc- 
tural design and structural dynamic analysis for 
various complex systems. Requires knowledge of 
computer aided analysis techniques and capabilities 
in the application of finite element analysis methods. 
Prefer MSME with 6-10 years related experience. 
Contact Bob Eday. 


Reliability Component 
Engineer S — Will eventually supervise 


activities in the area of passive component 
engineering. Must have experience with military 
specifications associated with these commodities. 
Will assist design groups in part selection, speci- 
fications and applications, as well as address failure 
analysis and disposition problems. Prefer a BSEE 
with 7 years experience. Contact Bob Eday. 


Join the people of Motorola’s Government 
Electronics Group. The benefits are many, including 
sunny Arizona — a land as beautiful as it is abun- 
dant with recreation and culture. 

For prompt consideration, forward your resume in 
confidence to the appropriate technical recruiter at 
Motorola Government Electronics Group, 8207 E. 
McDowell Rd., Dept. B723, Scottsdale, AZ 85252; 
(602) 949-3759. An Equal Opportunity/Affirmative 


Ciizenship « Ae/Vnd to bmagne 


Rogue In ren Il 


MOTOROLA INC. 


Government Electronics Group 
Advanced electronics for a more productive world. 


Databank 


Professional Profile 
Announcing a new placement service for professional engineers! 


To help you advance your career. Placement e The computer never forgets. When your e Your background and career objectives 
Services, Ltd. has formed the EDN Databank. type of job comes up, it remembers you're will periodically be reviewed with you by 
What is the Databank? It is a computerized qualified. 9 PSL professional placement person. 
system of matching qualified candidates with e Service is nationwide. You'll be We hope you're happy in your current posi- 
positions that meet the applicant's professional considered for openings across the U.S. tion. At the same time, chances are there is an 
ae and aries What are the advantages of by PSL and it’s affiliated offices. ideal job you'd prefer if you knew about it 
miatendberalons: e Your identity is protected. Your resume That's why it makes sense for you to register 
e It's absolutely free. There are no fees or is carefully screened to be sure It will not with the EDN Databank. To do so, just mail the 
charges. be sent to your company or parent completed form below, along with a copy of 
organization. your resume, to: Placement Services, Ltd., Inc. 
OCI iF” Pent COMpeny a 
Home Address: Your division or subsidiary: 
City State: Zip: Location (City, State) 
Home Phone (include area code): _.._. = = === CCCCC~*é‘é@BBsSiNN'@'SSs PlhOO|N|G ff OK. to USO: 


EDUCATION | [worm [om [S| comotamny 


Degrees (List) 


POSITION DESIRED 
EXPE R E N C E ace focibon From: To: Title: 


Duties and Accomplishments: Industry of Current Employer: 
Reason for Change: 
PREVIOUS POSITION: 
Job Title: 
cn ae aS Be AMR TEE oii DOSES 5 2 2 1: ee CNY ee Se eee 
CNN eee I OIRO YS a ee Salary: 


Duties and Accomplishments: 


COMPENSATION/PERSONAL INFORMATION 


Years Experience Base Salary Commission Total Compensation Asking Compensation | Min. Compensation 


Date Available | Will Travel 
OO lown my home. How long?_______ lrent my home/apt. 0 
QO) Light © Moderate (1) Heavy J . y ert 


C) Employed O) Self-Employed C) Unemployed CO Married OC Single Height___Weight_____ 


A x My identity may be released to: (1) Any employer 
Level of Security Clearance O) U.S. Citizen | O Non-US. Citizen CO Allbut present emp! 


L) WILL RELOCATE (] WILL NOT RELOCATE CL) OTHER 


EIDIN Databank 


A DIVISION OF PLACEMENT SERVICES LTD., INC. 


265 S. Main Street, Akron, OH 44308 216/762-0279 


2 eee, eas S Ree © See © Saas heey © Vea O Brace © Raeeee © Moeeery © Bauer eg eB ha Wee @ Ronn ee @ ee OBES hag N CN RE ot DEES? 
OO: OO Ol Oe OD O- CO. CO 0. O. OO CO. Oo © CGC. GCG: 2 Oo 
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ARE YOU 
_ MAKING ANY PROGRESS? 


Aspiring to work on larger projects, discover new 
technologies or move into management can be 
pretty frustrating if you’re tied down in the same 
old job. Moving to General Dynamics Pomona 
Division, on the other hand, can free you to pur- 
sue your goals in many areas, including integrated 
circuit design, microwave design, guidance analy- 
sis and other exciting technologies. 


SR. IC DESIGN SPECIALIST 
Responsibilities include the design, development, 
layout and simulation of custom and semi-custom 
integrated circuits utilizing CMOS technologies 
for use in military applications. You will primarily 
utilize digital and analog circuitry in your respon- 
sibilities, as well as head project development and 
technical direction. BSEE plus at least 5 years 
equivalent experience. 


SR. RF MICROWAVE DESIGN ENGINEER 
(Active Circuits) 
Responsibilities include the design of RF amplifi- 
ers and/or VCOs in the 1 to 20 GHz range. Specific 
experience with chip on microstrip, MIC or MMIC 
is required. Familiarity with Super Compact and/ 
or Touchstone is beneficial. 


SR. RF MICROWAVE DESIGN ENGINEER 
(Signal Source) 

Responsibilities include the design of low noise 
frequency agile synthesizers from X to Ka band. 
Familiarity with phase lock loop design and the 
ability to interface with VCO designers are de- 
sired. BS or MS degree and 4 years experience 
required. 


GUIDANCE ANALYST 
Responsibilities include working on signal process- 
ing computers, fast fourier transform processors, 
I.F. receivers and high-speed data acquisition sys- 
tems. Specific areas of design involvement in- 
clude: statistical detection theory, radar system 
predictions, conceptualization of E.C.C.M., ana- 
lytical receiver and data acquisition system design, 
definition of digital signal processing algorithms, 
design of digital and analog track systems and 
definition of missile communication links. 


If you want to make more progress, send your 
resume to: General Dynamics Pomona Division, 
P.O. Box 3011, MZ 4-15, Drawer T-651, Pomona, 
CA 91769. 


We'll get you rolling again. 


GENERAL DYNAMICS 


Pomona Division 
Equal Opportunity Employer/U.S. Citizenship Required 
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$595 under DOS |# $1390 under XENIX 1§$2790 under UNIX 


Superior compiler diagnostics help you minimize recompila- Software Development Systems, Inc. 


tion and locate errors precisely. It’s fully documented 


and backed by professional support services. 3110 Woodcreek Drive, Downers Grove, IL 60515 
YOU WON’T FIND A MORE COMPLETE PACKAGE — Call today (312) 971-8170 
Includes a full 68020 macro assembler, e-checkin : 

bie ae all the utilities you need to see rola In England call UnitC, Ltd., (0903)205233 

in 


Prices subject to change without notice. 


UNIX is a trademark of AT&T. Call for host machine availability. 


XENIX is a trademark of Microsoft. 


69 Complete 
under XENIX** 


29 Complete 
under MS-DOS* 


The UniWare™ family of cross assem- 


139 Complete 
under UNIX** 


Software Development Systems, Inc. 


blers. Fully relocatable, of course, but 8086, 80186, 80286, 3110 Woodcreek Dr., Downers Grove, IL 60515 
absolute listings are no problem, even 8051, 8048, 8080/5, 8041 Call today (312) 971-8170 

in loads with many source files. With a 68000, 68010, 68020, 68HC11, sa ten ee 
linker so capable that even multiple 6809, 6805, 6801, 6800 Visa & Master Charge Accepted (U.S.A.) 


Overlays are a breeze. Lots of macro HD64180, 6305, 6301 gland: Unit, Ltd., (0903) 205203 _ 


power. And all tools have unlimited *Minimum 512K memory recommended. 
; it Z80, Z8 **Call for host machine availability. 
symbol capacity. The above prices include one assembler. Discounts avail- 
ee 6502, 1802, TMS7000, 3870/F8 able on purchases of multiple assemblers; prices subject to 
XENIX and MS-DOS are trademarks of Microsoft. change without notice. 
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New 
solenoids hold 


latched position 
with zero current 


DC pulse (+) moves plunger to 
latched position. Magnet holds 
plunger latched without current. 


a 


-e 


DC pulse (—) releases the 
plunger to allow the load to 
reposition. 


New magnetic latching solenoids 
from Ledex hold the plunger in the 
actuated position without using any 
power. 


The new solenoid generates no heat 
when latched or unlatched. It 
provides a low cost way to activate 
automatic fire doors, wave guide 
switches, and any type of failsafe 
mechanism. 


Rated: 21 VDC. Coil resistance: 10.1 
ohms. Dielectric strength: 1000 VRMS. 
Stroke is 5.08mm/.200 in. at 2.1 amps. 
Holding force: 5 lbs min. Size: 2!/4"” x 


1'/4” x 1”. Weight: 8.7 0z/245.35 grams. 


Leads, terminals or PC pins optional. 


Prototypes off-the-shelf. Custom 
designs. Bulletin DS-1290. 


Ledex Inc. 

PO. Box 427 

Vandalia, Ohio 45377-0427 U.S.A. 
Phone: 513-898-3621 


Levex 


helpful solenoid technology 
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Mail coupon to: CMOS IC reprints — EDN Magazine 
Cahners Building 
| 275 Washington Street 
Newton, MA 02158-1630 
Please send copies of A Designer’s Guide to 
CMOS ICs (92 pages) 
L] $6.95 UPS LC) $10.95 non USA (BANK DRAFT ONLY) 


Check or money order made out to EDN REPRINTS 
must accompany each order. No COD. Mass. 


residents add 5% sales tax. 
Please print clearly. This is your mailing label. 
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THE SINGLE BOARD 
COMPUTER THAT 
DOESN'T LO 


Introducing the AT&T 


WE'321SB VMEbus 
Single Board Computer 


and AT&T UNIX® 
System V/VME. 


For the first time, an open archi- 
tecture single board computer that 
allows you to mix and match periph- 
eral and memory boards from differ- 
ent suppliers to rapidly configure 
high-performance, demand-paged 
UNIX computer systems. With the 
AT&T WE321SB Single Board 
Computer, you're not locked in—you 
can tailor-make a computer solution 
that’s exactly right for your needs. 

The WE821SB Single Board 
Computer features AT&T’s full 
32-bit UNIX Microsystem and incor- 
porates the Microsystem’s micro- 
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765788 7 


processor, memory management 
unit, and math acceleration unit. 
We also offer the ingredients 
you need to get you going—includ- 
ing UNIX System V/VME; soft- 
ware device drivers for hard and 
floppy disk drives and serial I/O; 
software generation programs, 
including an optimized AT&T C 
language compiler; and an out- 
standing documentation package. 
And once up and running, your 
system is both object file compatible 


and floppy disk format compatible 
with the AT&T 3B family of com- 
puters. This gives you off-the-shelf 
access to over a thousand applica- 
tions and language packages avail- 
able for 3B computers, something 
no other VMEbus system can offer. 
To find out about the single board 
computer that gives you the free- 
dom of choice, call 1 800 372-2447, 
or write to: AT&T, Dept. KB, 
555 Union Blvd., Allentown, 
PA 18108. © Copyright 1986 AT&T 


== ATeT 
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CD ROM market will reach 
$937 million by 1991 


CD ROMs, which can store unprece- 
dented volumes of images, data, 
text, and voice information, are 
poised for increased use through the 
remainder of the decade. According 
to Input, a Mountain View, CA- 
based market-research company, 
the prospects for CD ROMs will 
resemble the early-eighties fortunes 
of the personal-computer market 
more than the lamentable fate of 
videotext systems; though sales of 
CD ROMs will not exceed $30 mil- 
lion in 1986 or 1987, the total dollar 
value of shipments should reach 
$937 million in 1991. 

In fact, says Input, the initial 
popularity of CD ROMs will depend 
on the rate at which they penetrate 
the personal-computer market. CD 
ROMs promise the convenience of 
an easily manipulated, personal (as 
opposed to shared) storage medium 
to go along with the proven conven- 
ience—and popularity—of personal 
computing. The optical storage 
techniques of CD ROMs are already 
cheaper than paper files or comput- 
er-output microfilm, says Input, and 
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by the end of the decade, the per-bit 
cost of storage on CD ROMs will be 
100 times cheaper than the figures 
for those other two methods. 

In spite of the fact that current 
CD ROMs offer simply read-only 
access, their potential for replacing 
more familiar types of permanent or 
semipermanent storage in a wide 
variety of applications is great. 
(Semipermanent storage is an ar- 
chive or set of archives that is peri- 
odically updated—presumably by 
simply replacing the storage medi- 
um.) The resulting opportunities for 
software vendors and multimedia 
specialists are vast. But exploiting 
the capabilities of CD ROMs will 
require close collaboration between 
system designers, software special- 
ists, and professionals in specific 
areas (eg, tax accountants). 

Barriers to the widespread use of 
CD ROMs still exist. Start-up costs 
are high: Not only is the conversion 
and formatting of large volumes of 
information time-consuming and 
costly, reports Input, but informa- 
tion intended for permanent or 
semipermanent storage must be ed- 
ited carefully. In addition, CD ROM 


drives are expensive, and there are 
as yet no hardware and software 
standards governing the integration 
of such memory systems with exist- 
ing information systems and net- 
works. 


Single, dedicated ICs for DSP 
to gain on rival designs 


The growing interest in digital sig- 
nal processing (DSP) owes much to 
the advent of the single-chip, gener- 
al-purpose DSP IC. According to 
data compiled by the market-re- 
search firm Bader Associates 
(Mountain View, CA) and published 
by Electronic Trend Publications 
(Saratoga, CA), the compound an- 
nual growth rate of monolithic DSP 
ICs will be 45% into the early 1990s. 
The relative market share of these 
ICs compared with other DSP de- 
sign solutions—DSP building-block 
components, special-purpose DSP 
chips, and general-purpose pPs 
used in DSP applications—will in- 
crease from 20% in 1986 to 41% in 
1991 and to about 50% in 1996. 

The single-chip DSP ICs are at- 
tractive for several reasons. The 
compactness of the devices is a prin- 
cipal one. Also, new DSP ICs are 
fabricated in CMOS, which reduces 
power consumption, contributes to 
miniaturization, and diminishes the 
strictness of required environmen- 
tal controls. Finally, many chips will 
incorporate parallel and pipeline ar- 
chitectures, which will increase pro- 
cessing speeds in many applications. 

Though the market for DSP 
building blocks—bit-slice pro- 
cessors, memories, multiplier/accu- 
mulators, ete—will improve over 
the next 10 years, their market 
share will erode, as application-spe- 
cific DSP ICs gain in popularity. 
Still, reports Bader Associates, in 
applications where the highest 
speeds are required, and where it is 
not essential to cut costs, DSP 
building blocks remain the primary 
design choice. 
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Eleven different components are your building blocks 
for thousands of interconnection solutions. 
Molex’s unique family of KK® connectors provide the flexibility — 
you need to build interconnections precisely suited to your applications. 
Choose either tin or cost-effective selective gold plating, .100” or 
156” center spacing. Crimp, solder, or insulation displacement 
termination...top, side, or bottom pin entry...break-to-size pin © 
headers...they’re all standard in thousands of demanding applications. 


# 


The KK® connector is just one Intense OC prograns 


example of how we take a total systems provide reliable connecto 
approach. thatstanduptotough 
The KK®S : environmental conditions 
e ystem includes a complete in awcule range | 
line of wire termination tooling from simple electronic applications. 


hand crimp tools to the latest automated 
insulation displacement technology. The 
System also features sophisticated pinsetting 
equipment. Molex goes beyond merely 
supplying connectors to help today’s 
manufacturers achieve lower installed costs. 


Dependable service worldwide. 


Our multi-national organization 
offers you interconnection design, 
manufacturing, and technology from 
around the globe, with dependable 
supply and local service. 
Molex distributors stock 
» _ the full line of flexible 
KK® connectors for 
*. your every need. 


Service To The 
Customer. ..Worldwide 


- Ct, Lisle Ai 60: 32 USA GB 7 ‘ eadquarters: Aldershot, England, (0252)318221 
0, Japoft, 03-478-8777 » Séi. tA J lown, Singapore, 65-261-9733 
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Design refinements cut size, cost and _ 
_ power consumption for 4800bps modems | 
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imitation. 


The sincerest form of flattery. 


We call Signal “The American 


Original.” And we must be doing 
something right because our de- 
sign innovations are being copied 
around the world. 

While this imitation may be flat- 
tering to us, it could be extremely 
risky for you. After all, just because 
a transformer looks like Signal'’s 
doesn't mean it will perform like 
signal's. 

Our innovation, creativity and 
reliability are one-of-a-kind. We 
pioneered the high isolation split 
bobbin design. 

Now our exciting new Interna- 
tional Series takes another leap 
forward with a dual, high-tem- 
perature bobbin and insulating 
shroud that provides signifi- 
cantly better performance 
at lower costs than ever 
before. One-4-All™ and 
More-4-Less™ transformers are 
so reliable they meet — or surpass — 
every important international spe- 
cification (UL, CSA, VDE and IEC). 

We also introduced low-profile 
Flathead™ plug-in transformers. 
Our latest series, available in five 
sizes, is arguably the best in the in- 
dustry. The innovative non-concen- 
tric windings eliminate the need for 
an electrostatic shield and feature 


hum-bucking construction. 
Beyond that, Signal has a full 
line of superior low power PC board 
transformers, as well as smaller- 
than-ever “2-4-1” Series, compet- 
itively-priced rectifier power trans- 
formers, chokes and industrial- 
grade step-up and step-down 
power isolation transformers. 
We maintain significant levels 
of our stock transformers and sell 
direct — without a middleman to 
slow things down — or mark prices 
up. Even better, we can ship to 
you in quantity within just 48 hours. 
We call it our PRONTO service... 
and it's unique in the industry. 
Just let our competition try to 
play “follow the leader” with that! 
Of course, if we dont have a 
standard stock item that fits your 
needs, our custom engineering 
department will gladly quote your 
specific requirements. PRONTO. 
But for you, it’s easy to follow our 
lead. Simply send for our com- 
plete, free catalog by contacting: 
Signal Transformer, 900 Bayview 


Avenue, Inwood, NY 11696. 


An dinsico Company 


Signal 
Transformer. 


American 


Original. 


